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(54) DEVICE AND METHOD FOR PROCESSING SUBSTRATE 



(57) A substrate processing apparatus consists of: 
a processing container; a first processing gas supply 
unit and a second processing gas supply unit, counter- 
ing each other, prepared on both sides of a substrate- 
to-be-processed to the processing container; and a first 
slit-shaped exhaust opening and a second slit-shaped 
exhaust opening provided one on each side of the sub- 
strate-to-be-processed approximately perpendicular to 
the flow of the first processing gas and the second 
process i n g g as , co u nteri n g th e f i rst p rocess i n g gas s u p - 
ply unit and the second processing gas supply unit, re- 



spectively. The first processing gas is passed along the 
surface of the substrate-to-be-processed from the first 
processing gas supply unit to the first exhaust opening, 
and is adsorbed by the surface of the substrate-to-be- 
processed. Then, the second processing gas is passed 
along the surface of the substrate-to-be-processed from 
the second processing gas supply unit to the second ex- 
haust opening, the second processing gas reacts with 
molecules of the first processing gas previously ad- 
sorbed, and a high dielectric film of a single-molecule 
layer is formed. 



FIG.2 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention generally relates to a 
semiconductor device, and especially relates to a sub- 
strate processing apparatus and a substrate processing 
method used in manufacturing a super-miniaturized 
high-speed semiconductor device that includes a high 
dielectric film. 

[0002] Recently, in ultra high-speed semiconductor 
devices, gate length of 0. 1 micrometer or less has been 
realized with progress in miniaturized processing. Al- 
though the operation speed of semiconductor devices 
generally improves with miniaturization, film thickness 
of a gate insulation film of a miniaturized semiconductor 
is required to be decreased in correspondence to short- 
ening of gate length by miniaturization according to a 
scaling rule. 

2. Description of the Related Art 

[0003] When the gate length is set to 0. 1 micrometer 
or less, the thickness of a gate insulation film is required 
to be 1 or 2nm, or even less, in the case that Si0 2 is 
used. In the gate insulation film that is thin such as 
above, there is an inevitable problem that tunnel current 
increases, and, as the result, gate leak current increas- 
es. 

[0004] For this reason, it has been proposed that a 
high dielectric material, such as Ta 2 0 5 , Al 2 0 3 , and Zr0 2 , 
Hf0 2 , ZrSi0 4 and HfSi0 4 , be applied to the gate insula- 
tion film : in which case, actual film thickness may be- 
come greater than the conventional film of Si0 2 . How- 
ever, film thickness providing insulation equivalent to an 
Si0 2 film is smaller, since the dielectric constant is high- 
er than the Si0 2 film. By using the high dielectric mate- 
rial such as above, a gate insulation film of about 2-5 
nm thick can be used in an ultra high-speed semicon- 
ductor device where the gate length is 0.1 \im or less, 
enabling the control of the gate leak current that arises 
from the tunnel effect. 

[0005] When forming a high dielectric gate insulation 
film such as above on a Si substrate, the gate insulation 
film is required to be formed on a very thin Si0 2 base 
oxidization film that isformed on the Si substrate in thick- 
ness less than 1 nm, typically less than 0.8 nm, in order 
to suppress spreading of a metallic element that consti- 
tutes the high dielectric gate insulation film in the Si sub- 
strate. In this case, the dielectric gate insulation film is 
required to be formed such that defects, such as a 
boundary layer, may not be produced inthefilm. Further, 
when forming the high dielectric gate insulation film on 
the base oxidization film, it is desirable that the compo- 
sition of the gate insulation film be such that the main 
component near the base oxidization film is Si02, and 



the main component toward the upper surface of the 
high dielectric gate insulation film is the high dielectric 
material with gradual changes. 

[0006] In order to form the high dielectric gate insula- 

5 tion film without defect, a plasma process in which 
charged particles are used cannot be employed. If the 
high dielectric gate insulation film is formed by the plas- 
ma CVD method, for example, a defect that acts as a 
trap of a hot carrier will be formed on the film as a result 

10 of plasma damage. 

[0007] On the other hand, if the high dielectric gate 
insulation film is formed by the thermal CVD method, 
film thickness changes sharply due to the properties of 
the base insulation film used as the base, as has been 

15 found outby the inventor of the present invention. In oth- 
er words, if the high dielectric gate insulation film is 
formed by the conventional CVD method, the film sur- 
face becomes irregular, and a gate electrode provided 
to the irregular surface of the gate insulation film causes 

20 degradation of the operating characteristics of the sem- 
iconductor device. 

SUMMARY OF THE INVENTION 

25 [0008] Accordingly, it is a general object of the present 
invention to provide a new and usef u I substrate process- 
ing method and processing apparatus that solve the 
problems described above. 

[0009] A more specific object of the present invention 
30 is to provide a substrate processing apparatus and a 
substrate processing method for efficiently forming a 
high dielectric film on a substrate without a defect. 
[0010] Another object of the present invention is to 
provide a substrate processing apparatus that includes: 

35 

a processing container, 

a substrate holding stand prepared for holding a 
substrate-to-be-processed in the processing con- 
tainer, 

40 a first processing gas supply unit that is provided to 
a first side of the substrate holding stand in the 
processing container, and supplies a first process- 
ing gas to the surface of the substrate-to-be-proc- 
essed held on the substrate holding stand such that 
45 the first processing gas flows along the surface of 
the substrate-to-be-processed from the first side to- 
ward a second side that counters the first side, 
a first exhaust opening provided to the second side 
of the substrate holding stand in the processing 
50 container, 

a second processing gas supply unit that is provid- 
ed to the second side of the substrate holding stand 
in the processing container, and supplies the sec- 
ond processing gas to the surface of the substrate- 
55 to-be-processed on the substrate holding stand 
such that the second processing gas flows from the 
second side toward the first side along the surface 
of the substrate-to-be-processed, and 
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a second exhaust opening provided to the first side 
of the substrate holding stand in the processing 
container. 

[0011] Another object of the present invention is to 
provide a substrate processing method using a sub- 
strate processing apparatus equipped with a processing 
container that includes a substrate holding stand pre- 
pared in the processing container for holding the sub- 
strate-to-be-processed, a first processing gas supply 
unit provided to a first side of the substrate holding stand 
in the processing container, a first exhaust opening pro- 
vided to a second side that counters the first side of the 
substrate holding stand in the processing container, a 
second processing gas supply unit provided to the sec- 
ond side of the substrate holding stand in the processing 
container, and a second exhaust opening provided to 
the first side of the substrate holding stand in the 
processing container, which includes 

a step for performing a first process to the surface 
of the substrate-to-be-processed, wherein the first 
processing gas flows from the first processing gas 
supply unit on the first side toward the second side 
along the surface of the substrate-to-be-processed, 
and 

a step for performing a second process to the sur- 
face of the substrate-to-be-processed, wherein the 
second processing gas flows from the second 
processing gas supply unit on the second side to- 
ward the first side along the surface of the sub- 
strate-to-be-processed, where, 
in the process that performs the first process, dis- 
charging volume of the second exhaust opening is 
set smaller than discharging volume of the first ex- 
haust opening, and, 

in the process that performs the second process, 
the discharging volume of the first exhaust opening 
is set smaller than the discharging volume of the 
second exhaust opening. 

[0012] Another object of the present invention is to 
provide a substrate processing apparatus that includes: 

a processing container, 

a substrate holding stand prepared for holding the 
substrate-to-be-processed in the processing con- 
tainer 

a processing gas supply unit that is provided to a 
first side of the substrate holding stand in the 
processing container, and supplies a processing 
gas to the surface of the substrate-to-be-processed 
on the substrate holding stand such that the 
processing gas flows from the first side toward a 
second side that counters the first side along the 
surface of the substrate-to-be-processed, 
a first exhaust opening provided to the second side 
of the substrate holding stand in the processing 



container 

a radical source that is provided on the second side 
of the substrate holding stand in the processing 
container and supplies radicals to the surface of the 
5 substrate-to-be-processed on the substrate holding 
stand such that the radicals flow from the second 
side toward the first side along the surface of the 
substrate-to-be-processed, 

a second exhaust opening provided on the first side 
10 of the substrate holding stand in the processing 
container. 

[001 3] According to the present invention, a high die- 
lectric film can be formed by laminating single-molecule 
15 layers on the substrate-to-be-processed by providing 
the first and second processing gas supply units on both 
sides of the substrate-to-be-processed in the process- 
ing container, countering each other, providing the first 
and second exhaust openings located on both sides of 
20 the substrate-to-be-processed, each opening counter- 
ing with the first and second processing gas supply 
units, respectively, supplying the first processing gas to 
the processing container from the first processing gas 
supply unit, the first processing gas flowing along the 
25 surface of the substrate-to-be-processed, and being 
discharged from the first exhaust opening, and supply- 
ing the second processing gas or radicals from the sec- 
ond processing gas supply unit or the source of the rad- 
icals ; respectively, the second processing gas or the 
30 radicals flowing along the surface of the substrate-to- 
be-processed, reacting with molecules of the first 
processing gas, which are previously adsorbed by the 
surface of the substrate-to-be-processed, and being 
discharged from the second exhaust opening. 
35 [0014] Other objects and features of the present in- 
vention will become clear from the detailed explanation 
about the preferred embodiments of the present inven- 
tion described below. 



40 BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Figs. 1 A and 1 B are for explaining the principle of 
45 the present invention; 

Fig. 2 shows a configuration of a substrate process- 
ing apparatus according to the first embodiment of 
the present invention; 

Fig. 3 shows details of a part of the substrate 
50 processing apparatuses shown by Fig. 2; 

Figs. 4A and 4B show an example of a variation of 
the substrate processing apparatus shown by Fig.3; 
Fig. 5 is a flowchart showing a substrate processing 
method of the second embodiment of the present 
55 invention; 

Fig. 6 is a flowchart showing the substrate process- 
ing method of a variation of the second embodiment 
of the present invention; 
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Figs. 7 through 9 are flowcharts showing the sub- 
strate processing method according to the third em- 
bodiment of the present invention; 
Figs. 1 0 through 1 2 are flowcharts showing another 
example of the substrate processing method ac- 
cording to the third embodiment of the present in- 
vention; 

Figs. 1 3A and 1 3B show a configuration of a switch- 
ing valve according to the fourth embodiment of the 
present invention; 

Fig. 14 shows a configuration of the substrate 
processing apparatus according to the fifth embod- 
iment of the present invention; 
Fig. 15 shows a configuration of the substrate 
processing apparatus according to the sixth em- 
bodiment of the present invention; 
Fig. 16 shows a configuration of the substrate 
processing apparatus according to the seventh em- 
bodiment of the present invention; 
Fig. 17 shows a configuration of the substrate 
processing apparatus according to the eighth em- 
bodiment of the present invention; 
Figs.1 8A through 1 8D show various configurations 
of the substrate processing apparatuses according 
to the ninth embodiment of the present invention; 
Fig. 19 shows a configuration of the substrate 
processing apparatus according to the tenth em- 
bodiment of the present invention; 
Fig. 20 shows details of a part of the substrate 
processing apparatuses shown by Fig. 19; 
Fig. 21 shows details of a part of Fig. 20; 
Fig. 22 shows details of a part of the substrate 
processing apparatus shown by Fig. 1 9; 
Figs.23A through 23C show details of a part of Fig. 
22; 

Fig. 24 shows details of a part of Fig. 22; 
Figs.25A and 25B show an example of configura- 
tion of an exhaust system of the substrate process- 
ing apparatus shown by Fig. 19; 
Fig. 26 shows another configuration example of the 
exhaust system of the substrate processing appa- 
ratus shown by Fig. 19; 

Fig. 27 shows a configuration of a substrate trans- 
porting unit of the substrate processing apparatus 
shown by Fig. 19; 

Fig. 28 shows an effect of rotating a substrate-to-be- 
processed in the substrate processing apparatus 
shown by Fig. 19; 

Fig. 29 shows a purge time shortening effect when 
processing gases are supplied alternately in the 
substrate processing apparatus shown by Fig. 19; 
Fig. 30 shows a configuration of the substrate 
processing apparatus according to the eleventh 
embodiment of the present invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[Principle] 

5 

[0016] Figs.1 A and 1B show the principle of the 
present invention. 

[0017] With reference to Figs.1 A and 1B f a substrate- 
to-be-processed 2 is held in a processing container 1 . 

10 a first processing gas supply unit 3A is provided on a 
first side of the substrate-to-be-processed 2, and a first 
exhaust opening 4A is provided on a second side that 
counters the first side of the substrate-to-be-processed 
2. Further a second processing gas supply unit 3B is 

15 provided on the second side of the processing container 
1 , and a second exhaust opening 4B is provided on the 
first side. A first processing gas A is supplied to the first 
processing gas supply unit 3A through a first material 
switching valve 5A, and a second processing gas B is 

20 supplied to the second processing gas supply unit 3B 
through a second material switching valve 5B. Further- 
more, the first exhaust opening 4A exhausts through a 
first exhaust volume adjustment valve 6A, and the sec- 
ond exhaust opening 4B exhausts through a second ex- 

25 haust volume adjustment valve 6B. 

[0018] First, at the process of Fig.lA, the first 
processing gas A is supplied to the first processing gas 
supply unit 3A through the first material switching valve 
5A, and the first processing gas A is adsorbed by the 

30 surface of the substrate-to-be-processed in the 
processing container 1 . At this time, the first processing 
gas flows along the surface of the substrate-to-be-proc- 
essed in a first direction, that is, from the first processing 
gas supply unit 3A to the first exhaust opening 4A by 

35 driving (controlling) the first exhaust opening 4A that 
counters the first processing gas supply unit 3A. 
[0019] Next, in the process shown by Fig. 1 B, the sec- 
ond processing gas B is supplied to the second process- 
ing gas supply unit 3B through the second material 

40 switching valve 5B, and the second processing gas B 
flows along the surface of the substrate-to-be-proc- 
essed 2 in the processing container 1 . As the result, the 
second processing gas B reacts with molecules of the 
first processing gas that is previously adsorbed by the 

45 surface of the substrate-to-be-processed, and a high di- 
electric molecule layer is formed on the surface of the 
substrate-to-be-processed. At this time, the second 
processing gas flows along the surface of the substrate- 
to-be-processed in a second direction, that is, from the 

50 second processing gas supply unit 3B to the second ex- 
haust opening 4B by controlling the second exhaust 
opening 4B that counters the second processing gas 
supply unit 3B. 

[0020] Furthermore, by repeating the process shown 
55 by Figs.1 A and 1B, a desired high dielectric film is 
formed on the substrate-to-be-processed 2. 
[0021] While the process shown by Fig.lA is per- 
formed, the supply of the second processing gas B to 



4 



7 



EP 1 308 992 A1 



8 



the second processing gas supply unit 3B through the 
second material switching valve 5B is intercepted. Fur- 
ther, while the process shown by Fig. 1 B is performed, 
the supply of the first processing gas A to the first 
processing gas supply unit 3A through the material 
switching valve 5A is intercepted. In order to prevent the 
first processing gas A supplied by the first processing 
gas supply unit 3Afrom invading the second processing 
gas supply unit 3B that counters, and producing a de- 
posit material in the process of Fig.lA, it is desirable to 
supply an inactive gas to the second processing gas 
supply unit 3B from the second material switching valve 
5B while the process of Fig.lA is performed. Similarly, 
it is desirable to supply an inactive gas to the first 
processing gas supply unit 3A from the first material 
switching valve 5A while the process of Fig.lB is per- 
formed. 

[0022] Furthermore, while the first exhaust volume 
adjustment valve 6A is set wide open during the process 
of Fig. 1 A, such that the first processing gas that passed 
through the surface of the substrate-to-be-processed 2 
is exhausted, it is desirable that the second exhaust vol- 
ume adjustment valve 6B be set to a small opening of 
3% or less, for example, rather than completely shut in 
view of valve opening-and-closing operation at a high 
temperature. Similarly, it is desirable that the opening of 
the first exhaust volume adjustment valve 6A be set to 
a small opening of 3% or less, rather than completely 
shut during the process of Fig. 1 B where the second ex- 
haust volume adjustment valve 6B is set wide open. 
[0023] The processing container is desirably formed 
in flat form such that the first and the second processing 
gases flow along the surface of the substrate-to-be- 
processed 2 in a sheet-like laminar flow, and, similarly, 
it is desirable that the first and the second processing 
gas supply units 3A and 3B be formed in flat form, each 
having a slit-like opening. Furthermore, it is desirable to 
form the first and the second exhaust openings 4A and 
4B each in the shape of a slit that extends in a direction 
approximately rectangularthe direction of the flow of the 
first and the second processing gases, respectively. 
Further, the sheet-like flow of the processing gas is not 
disturbed by being evenly exhausted downward through 
the slit that extends perpendicularly to the direction of 
the flow of the processing gas. 

[0024] By the substrate processing apparatus of the 
present invention, an oxide layer of Zr, Al, Y, Ti, or La 
can be formed on the substrate-to-be-processed by us- 
ing materials that contain Zr, Al. Y, Ti, or La, respectively, 
as the first processing gas, and using an oxidizing gas 
as the second processing gas. 

[0025] Furthermore, by the substrate processing ap- 
paratus of the present invention, an oxide layer of three 
elements, such as ZrSiOx, HfSiOx, AlSiOx, YSiOx, Ti- 
SiOx, LaSiOx, ZrAlOx, HfAlOx, YAlOx, TiAlOx, and 
LaAlOx, can be formed on the substrate-to-b.e-proc- 
essed by using a film formation gas different from the 
first processing gas as a third processing gas, and com- 



bining the third processing gas with the second process- 
ing gas. 

[0026] In the case of the substrate processing appa- 
ratus of the present invention shown in Figs. 1 A and 1B, 
5 after the process of Fig. 1 A wherein the processing gas 
A is supplied from the processing gas supply unit 3A to 
the processing container 1 , a purge gas or the process- 
ing gas B is supplied from the processing gas supply 
unit 3B in the process of Fig.lB, then, the processing 
10 gas A that may remain in the processing container 1 
rides the flow of the purge gas or the processing gas B, 
and is discharged promptly through the exhaust opening 
4B, and the density of the processing gas A residual in 
the processing container 1 falls rapidly. Similarly, after 
15 the process of Fig. 1 B wherein the processing gas B is 
supplied from the processing gas supply unit 3B to the 
processing container 1 , a purge gas or the processing 
gas A is supplied from the processing gas supply unit 
3A, when the process of Fig.lA is repeated, and then, 
20 the processing gas B that may remain in the processing 
container 1 rides the flow of the purge gas or the 
processing gas A, and is discharged promptly from the 
exhaust opening 4A, and the density of the processing 
gas B residual in the processing container 1 falls rapidly. 
25 [0027] Especially, with the apparatus of the present 
invention, even if the processing gas B residues at sev- 
eral percent of density nearby the processing gas supply 
unit 3B that supplies the processing gas B, the residual 
gas is exhausted by switching the active exhaust open- 
30 jng from the exhaust opening 4B to the exhaust opening 
4A. In this manner, the density of the processing gas B 
becomes sufficiently low in the region in which the sub- 
strate-to-be-processed 2 is arranged, and processing 
by the processing gas A is not influenced. 
35 [0028] In contrast, with a substrate processing appa- 
ratus that is configured without the processing gas sup- 
ply unit 3B and the corresponding exhaust opening 4B, 
even if a processing gas supplied from the processing 
gas supply unit 3A is switched from the processing gas 
40 A to the purge gas or the processing gas B, the process- 
ing gas A tends to remain in the processing container 1 . 
and it takes a long time for the density of the processing 
gas A residual to fall sufficiently for performing the 
processing gas B. 
45 [0029] In the present invention, it is also possible to 
provide a process wherein a gas is exhausted from both 
ends of the substrate-to-be-processed between the 
processing step using the processing gas A and the 
processing step using the processing gas B, such that 
50 the processing'gas is exhausted more efficiently than 
the conventional apparatus that exhausts only from one 
side. 

[0030] Thus, the substrate processing apparatus of 
the present invention shown in Figs. 1 A and 1 B has the 
55 advantage that the cycle time for processing a sub- 
strate-to-be-processed is shortened by alternately sup- 
plying the processing gases A and B. 
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[The first embodiment] 

[0031] Fig. 2 shows a configuration of a substrate 
processing apparatus 10 according to the first embodi- 
ment of the present invention. 

[0032] With reference to Fig. 2, the substrate process- 
ing apparatus 1 0 includes a processing container 1 1 that 
further includes processing gas supply units 13A and 
13B on the both ends of a substrate-to-be-processed 
12, countering each other; and exhaust openings 14A 
and 14B on the both ends of the substrate-to-be-proc- 
essed 12, countering the processing gas supply units 
13Aand 13B, respectively. Here, the exhaust openings 
14A and 14B are connected to a trap 100 through con- 
ductance valves 15A and 15B, respectively, and a gas 
in the processing container 1 1 is exhausted through the 
trap 100. 

[0033] Further, another processing gas supply unit 
13C is provided adjacent to the processing gas supply 
unit 13A in the processing container 11 with the coun- 
tering exhaust opening 14A. 

[0034] The processing gas supply unit 13A is con- 
nected to a first exit of a switching valve 16A, and the 
switching valve 1 6A is connected to a material container 
20A that contains ZrCI 4 through a first material supply 
line 1 6a that includes a valve 1 7A. a mass flux controller 
18A, and another valve 19A. Furthermore, adjacent to 
the first material supply line 16a, a purge line 21a that 
includes valves 21 A and 22A, and supplies an inactive 
gas. such as Ar, is prepared. 

[0035] Further, the switching valve 16A is connected 
to a purge line 23a that contains a mass flux controller 
23A and a valve 24A, then to a source of an inactive 
gas. such as Ar. A second exit of the switching valve 
16A is connected to the trap 100 through a purge line 
100a. 

[0036] Similarly, the processing gas supply unit 13B 
is connected to the first exit of a switching valve 16B, 
and the switching valve 16B is connected to a material 
container 20B that contains H 2 0 through a second ma- 
terial supply line 1 6b that includes a valve 1 73, a mass 
flux controller 1 8B, and another valve 1 9B. Furthermore, 
adjoining to the second material supply line 1 6b, a purge 
line 21 b that includes valves 21 B and 22B, and supplies 
an inactive gas, such as Ar, is prepared. 
[0037] Furthermore, the switching valve 16B is con- 
nected to a purge line 23b containing a mass flux con- 
troller 23B and a valve 24B, then to a sources of an in- 
active gas, such as Ar, and the second exit of the switch- 
ing valve 16B is connected to the trap 100 through a 
purge line 100b. 

[0038] Furthermore, the processing gas supply unit 
1 3C is connected to a first exit of a switching valve 1 6C, 
and the switching valve 16C is connected to a material 
container 20C that contains SiCI4 through a third mate- 
rial supply line 16c that includes a valve 17C, a mass 
flux controller 18C, and another valve 19C. Further- 
more, adjoining to the third material supply line 16c, a 



purge line 21c that includes valves 21 C and 22C, and 
supplies an inactive gas, such as Ar, is prepared. 
[0039] Furthermore, the switching valve 16C is con- 
nected to a purge line 23c that includes amass fluxcon- 
5 troller 23C and a valve 24C, then to a source of an in- 
active gas, such as Ar. A second exit of the switching 
valve 1 6C is connected to the trap 1 00 through a purge 
line 100c. 

[0040] The substrate processing apparatus 1 0 shown 
10 by Fig. 2 further includes a control unit 1 0A for controlling 
the process of film formation. The control unit 1 0A fur- 
ther controls the switching valves 1 6A through 1 6C and 
the conductance valves 15A and 15B, which will be ex- 
plained in detail later with reference to Figs. 4 through 7. 
15 [0041] Fig. 3 shows details of a portion including the 
processing container 11 of Fig. 2. 
[0042] With reference to Fig. 3, a quartz reaction con- 
tainer 110 is prepared in the processing container 11. 
and the substrate-to-be-processed 12 is held in the 
20 quartz reaction container 110. Heaters 111A-111F are 
prepared, adjacent to the quartz reaction container 110 
in the processing container 1 1 , such that substrate tem- 
perature is held to a predetermined processing temper- 
ature. 

25 [0043] Further, the processing gas supply units 13A 
and 13Bare formed in flat form, and provided at a slight- 
ly higher position than the substrate-to-be-processed 1 2 
so that a processing gas may flow along the surface of 
the substrate-to-be-processed 12. Further, in connec- 
30 tion with this, the quartz reaction container 110 is also 
formed in flat form, and, as a result, the first processing 
gas ; such as ZrCI4 supplied from the processing gas 
supply unit 13A flows in a laminarflow along the surface 
of the substrate-to-be-processed 1 2 in the quartz reac- 
35 tion container 1 1 0, and is discharged from the exhaust 
opening 1 4A. At this occasion, the first processing gas 
is adsorbed by the surface of the substrate-to-be-proc- 
essed, and the surface of the substrate-to-be-proc- 
essed is covered by molecules of the processing gas in 
40 a thickness of about 1 molecule layer. The second 
processing gas, such as H 2 0, supplied from the 
processing gas supply unit 13B forms a laminar flow 
along the surface of the substrate-to-be-processed 12 
in the quartz reaction container 110, and is discharged 
45 from the exhaust opening 14A. Atthis occasion, the mol- 
ecules of the first processing gas, which cover the sur- 
face of the substrate-to-be-processed 12 react, and, as 
the result, a very thin film of Zr0 2 in thickness of about 
1 molecule layer is formed on the surface of the sub- 
50 strate-to-be-processed 12. 

[0044] Accordingly, a high dielectric thin film, such as 
of Zr0 2 , can be formed on the surface of the substrate- 
to-be-processed 1 2 by repeating the adsorption process 
and the reaction process, with a purge process inserted 
55 in between. Further, after forming the Zr0 2 molecule lay- 
er, a third processing gas, such as SiCI 4 , can be sup- 
plied from the processing gas supply unit 1 3C such that 
a Si0 2 molecule layer is formed on the Zr0 2 molecule 
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layer, and a high dielectric film of ZrSi0 4 is formed by 
repeating such processes, performing a purge process 
in between. 

For example, when forming a ZrSi04 film on the sub- 
strate-to-be-processed 12, the substrate-to-be-proc- 
essed 12 is held at temperature of 200-450 degrees C, 
the ZrCI 4 gas and the SiCI 4 gas are supplied at a flux 
rate of 1-1000 SLM and 0.1-1000 SLM ; respectively, 
with the internal pressure of the quartz reaction contain- 
er 110 being set at 0.13-13.3 kPa (1 - 100 Torr), and 
using an inactive gas as a carrier gas. Increasing the 
flux of the inactive gas is effective in forming a uniform 
laminar flow. The flux of the inactive gas is set within a 
range of 1 to 1 00 times as large as the flux of a process- 
ing gas. 

[0045] Although illustration is omitted in Fig. 3, the 
processing gas supply unit 1 3C for supplying the SiCI4 
is provided in parallel with the processing gas supply 
unit 13A. 

[0046] In this embodiment, the material stored in the 
material container 20A is not limited to ZrCI 4 , but may 
be HfCI 4 , TaCI 5 , and the like. At room temperature, 
these materials are solids, and in order to evaporate, 
they are heated to a temperature higher than 200 de- 
grees C, while supplying a carrier gas, such as Ar, to the 
material container 20A. 

[0047] Figs.4A and 4B shows an example of a config- 
uration of a reaction container 110 of a variation of the 
first embodiment of the present invention, wherein the 
distance between an upper part 11 OA and a lower part 
11 0B of the quartz reaction container 110 while trans- 
porting shown by Fig.4A is carried out is smaller than 
while a process shown by Fig.4B is carried out, which 
is realized by moving the upper part 1 1 0A in the vertical 
direction, interlocking with a vertical movement of a 
transportation arm that transports a substrate-to-be- 
processed in the processing container 11. That is, the 
quartz reaction container 1 1 0 is constituted from the up- 
per part 1 1 0A and the lower part 1 1 0B, according to this 
embodiment. 

[0048] In this manner, with reference to Figs.4A and 
4B, a material gas can flow uniformly along the surface 
of the substrate-to-be-processed by shortening the dis- 
tance between the upper part 11 OA and the lower part 
1 1 0B of the quartz reaction container 1 1 0 when process- 
ing. Here, although the vertical movement of the upper 
part 1 1 0A of the quartz reaction container is interlocked 
with the vertical movement of the substrate-to-be-proc- 
essed in the configuration shown by Figs.4A and 4B, the 
interlocking is not a prerequisite if a configuration is such 
that the distance between a substrate-to-be-processed 
and the upper part 1 1 0A of the quartz reaction container 
is reduced during processing and increased during 
transporting. 

[The second embodiment] 

[0049] Fig. 5 is a flowchart that shows processing se- 



quence according to the second embodiment of the 
present invention, which is carried out under control of 
the control unit 10A when a Zr02 film is formed on the 
substrate-to-be-processed 12 in thickness of about 1 

5 molecule layer per process in the substrate processing 
apparatus 10 shown by Figs. 2 and 3. 
[0050] With reference to Fig. 5, in Step 1 , the conduct- 
ance valves 1 5A and 1 5B are opened, and the switching 
valves 16A and 16B are put to a first state, i.e., a purge 

10 state wherein the processing gases in the processing 
gas supply lines 16a and 1 6b are supplied to the trap 
1 00 through the purge lines 100a and 100b, respective- 
ly. As a result, Ar gas in the purge line 23a and Ar gas 
in the purge line 23b are supplied to the quartz reaction 

15 container 110 through the processing gas supply units 
1 3A and 1 3B, respectively. The Ar purge gases supplied 
in this manner are discharged to the trap 100 through 
the exhaust openings 14A and 14B, respectively. 
[0051] Next, in Step 2, the opening of the conduct- 

20 ance valve 1 5A is widened, and the opening of the con- 
ductance valve 15B is narrowed. As the result, the gas 
flows from the gas supply unit 1 3A to the exhaust open- 
ing 14A in the quartz reaction container 110. Exhaust 
control that is more reliable than controlling a hot ex- 

25 haust gas by an interception valve can be performed by 
controlling the exhaust at the exhaust openings 1 4A and 
14B by adjustment of the conductance of the conduct- 
ance valves 15A and 15B. Further, since the exhaust is 
switched continuously, disturbance of gas current in the 

30 quartz reaction container 110 is minimized. 

[0052] Next, in Step 3, the switching valve 16A is 
switched from the first state to a second state, where 
the ZrCI 4 gas in the processing gas supply line 16a is 
supplied to the quartz reaction container 110 from the 

35 first processing gas supply unit 1 3A. The ZrCI4 gas sup- 
plied in this manner forms a laminar flow along the sur- 
face of the substrate-to-be-processed 12, and is dis- 
charged from the exhaust opening 14A, as previously 
explained. Through this process, the ZrCI4 is adsorbed 

40 by the surface of the substrate-to-be-processed 12 to 
form a single-molecule layer. Here, in Step 3, the second 
switching valve 1 6B is in the first state, and Ar purge gas 
in the line 23b is supplied to the quartz reaction contain- 
er 1 1 0 from the second processing gas supply unit 1 3B. 

45 in this manner, the ZrCI4 processing gas supplied from 
the first processing gas supply unit 13A is prevented 
from invading the second processing gas supply unit 
13B, and the problem that a deposit is produced is 
avoided. 

50 [0053] Next, in Step 4 : the switching valve 1 6A is re- 
turned to the first state, and the inside of the quartz re- 
action container 1 1 0 is purged by Ar gas. 
[0054] At this time, it is also effective to carry out the 
exhaust from both ends of the substrate-to-be-proc- 

55 essed by making both the conductance valves 1 5A and 
15B wide open. Otherwise, it is also possible that this 
step is not performed at all, that is, the process advanc- 
es to the next step such that the process time is short- 
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ened. In this case, the process sequence becomes like 
the flowchart shown by Fig. 6. 

[0055] Next, in Step 5, the opening of the conduct- 
ance valve 1 5B is widened, the opening of the conduct- 
ance valve 1 5A is narrowed, and the gas flows from the 
gas supply unit 13B to the exhaust opening 14B in the 
quartz reaction container 110. 

[0056] Further, in Step 6, the switching valve 16B is 
switched to the second state, i.e., an open state, and 
H 2 0 in the processing gas supply line 16b is supplied 
to the quartz reaction container 110 through the 
processing gas supply unit 13B. The H 2 0 gas supplied 
in this manner forms a laminar flow along the surface of 
the substrate-to-be-processed 12, and is discharged 
from the exhaust opening 14B. Through this process, 
the ZrCI4 molecule layer that was previously formed on 
the surface of the substrate-to-be-processed 12 reacts 
with the H 2 0, and a Zr02 film that is about one-molecule 
thick is obtained. Here, in Step 6, the first switching valve 
1 6A is in the first state, and the Ar purge gas in the line 
23a is supplied to the quartz reaction container 1 1 0 from 
the first processing gas supply unit 1 3A. Consequently, 
the H 2 0 supplied from the second processing gas sup- 
ply unit 1 3B is prevented from invading the first process- 
ing gas supply unit 1 3A, and the problem that a deposit 
is produced is avoided. 

[0057] After Step 6, the process returns to Step 1 , and 
a next Zr0 2 molecule layer on the Zr0 2 molecule layer 
is formed by repeating Step 1 through Step 6. Thus, the 
Zr02 film in desired thickness can be formed on the sub- 
strate-to-be-processed 12 by repetitively performing 
Step 1 through Step 6, each cycle forming a one-molec- 
ular layer thick Zr0 2 film. 

[0058] Here, during the process of Step 1 through 
Step 6, the processing gas supply unit 13C is fixed to 
the first state, i.e., the purge state. 
[0059] By replacing the ZrCI4 material stored in the 
material container 20A with HfCI 4 orTaCI 5 , a Hf0 2 film 
or a Ta 2 O s film, respectively, can be formed by laminat- 
ing single-molecule layers according to this embodi- 
ment. 

[0060] I n addition , the material to be stored in the ma- 
terial container 20A is not limited to the materials de- 
scribed above, but can be chosen from the group con- 
sisting of ZrCI 4 , ZrBr 4 , Zr(l-OC 3 H 7 ) 4 , Zr(n-OC 4 H 9 ) 4 , Zr 
(t-OC 4 H 9 ) 4 , Zr(AcAc) 4 , Zr (DPM) 4 , Zr(0-iPr)(DPM) 3: Zr 
(HFA) 4) Zr (BH 4 ) 4 , Zr(N(CH 3 ) 2 ) 4 and Zr(N(C 2 H 5 ) 2 ) 4 , the 
group consisting of (C 2 H 5 ) 2 AIN3, (C 2 H 5 ) 2 AIBr, 
(C 2 H 5 ) 2 AICI, (C 2 H5) 2 AII, (l-C 4 H 9 )AIH, (CH 3 ) 2 AINH 2 , 
(CH 3 ) 2 AICI, (CH 3 ) 2 AIH, (CH 3 ) 2 AIH:N(CH 3 ) 2 C 2 H 5 , AIH 3 : 
N(CH 3 ) 2 C 2 H 5) AI(C 2 H 5 )CI 2 , AI(CH 3 )CI 2 , AI(C 2 H 5 ) 3 , Al 
(l-C 4 H 9 ), AI(l-OC 4 H 9 ) 3 , AICI 3 , AI(CH 3 ) 3 , AIH 3 :N(CH 3 ) 3 , 
AI(AcAc) 3 and AI(DPM) 3 , AI(HFA) 3 , AI(OC 2 H 5 ) 3 , Al 
(l-C 4 H 9 ) 3) AI(l-OC 3 H 7 ) 3 , AI(OCH 3 ) 3 , AI(n-OC 4 H 9 ) 3 , Al 
(n-OC 3 H 7 ) 3 , AI(sec-OC 4 H 9 ) 3 , AI(t-OC 4 H 9 ) 3 and AIBr 3 , 
and the group consisting of Y(AcAc) 3 , Y(DPM) 3 , Y(0- 
iPr)(DPN) 2 , Y(HFA) 3 , Cp 3 Y, otherwise, from the group 
consisting of HfCI 4 , HfBr 4 , Hf(AcAc) 4 , Hf[N(C 2 H 5 ) 2 ] 4 , Hf 



[N(CH 3 ) 2 ] 4 , Hf(DPM) 4; Hf(0-iPr)(DPM) 3; and Hf(HFA) 4; 
the group consisting of TiCI 4 , TiBr 4 , Til 4 , Ti(l-OCH 3 ) 4 , Ti 
(OC 2 H 5 ) 4 , Ti(l-OC 3 H 7 ) 4 , Ti(n-OC 3 H 7 ) 4 , Ti(n-OC 4 H 9 ) 4 , Ti 
(AcAc) 4 , Ti(AcAc) 2 CI 2 , Ti(DPM) 4 , Ti(DPM) 2 CI 2 , Ti(0- 

5 iPr)(DPM) 3 , and Ti(HFA) 2 CI 2 , and the group consisting 
of LaBr 3 , Lal 3 , La(OCH 3 ) 3 , La(OC 2 H 5 ) 3 , La(l-OC 3 H 7 ) 2i 
Cp 3 La, MeCp 3 La, La(DPM) 3 , La(HFA) 3 , La(AcAc) 3 , Cp 
(C8H8)Ti, Cp 2 Ti[N(CH 3 ) 2 ] 2 , Cp 2 TiCI 2 , (C 2 H 5 )Ti(N 3 ) 2 , Ti 
[N(C 2 H 5 ) 2 ] 4: and Ti[N(CH 3 ) 2 ] 4 . Further, the second 

10 processing gas supplied through the line 16b can be 
chosen from the group that consists of oxygen radical 
atoms, oxygen radical molecules, 0 3 , 0 2 , N 2 0, NO. 
N0 2 , H 2 0 2 , H 2 0 and D 2 0. Especially as the materials, 
AI(CH 3 ) 3 , AICI 3 , Zr[N(C 2 H 5 ) 2 ] 4 , Zr[N(CH 3 ) 2 ] 4 , Hf[N 

15 (C 2 H 5 ) 2 ] 4 , ZrCI 4 , HfCI 4 TiCI 4 , Ti[N(C 2 H 5 ) 2 ] 4 , Ti[N 
(CH 3 ) 2 ] 4 , etc. are effective in atomic layer growth. 

[The third embodiment] 

20 [0061] Figs. 7 through 9 are flowcharts that show 
processing sequence according to the third embodi- 
ment of the present invention, which is carried out under 
control of the control unit 10A when a ZrSi0 4 film is 
formed on the substrate-to-be-processed 12 in thick- 

25 ness of about 1 molecule layer per process in the sub- 
strate processing apparatus 10 shown by Figs.2 and 3. 
[0062] First, with reference to Fig. 7, in Step 11, the 
conductance valves 15Aand 15B are opened, and the 
switching valves 16A through 16C are set to the first 

30 state, i.e., the purge state so that the processing gases 
in the processing gas supply lines 1 6a and 1 6c are sup- 
plied to the trap 1 00 through the purge line 1 00a, and 
the processing gas in the processing gas supply line 1 6b 
is supplied to the trap 1 00 through the purge line 1 00b. 

35 As the result, Ar gases in the purge lines 23a through 
23c are supplied to the quartz reaction container 110 
through the processing gas supply units 13A through 
13C, respectively. The Ar purge gases supplied in this 
way are discharged to the trap 100 from the exhaust 

40 openings 14A and 14B, as described above. 

[0063] Next, in Step 12, the opening of the conduct- 
ance valve 1 5A is widened, and the opening of the con- 
ductance valve 15B is narrowed. Consequently, in the 
quartz reaction container 1 1 0, the gas flows from the gas 

45 supply units 13A and 13C to the exhaust opening 14A. 
[0064] Next, in Step 13, the switching valve 16A is 
switched from the first state to the second state, and the 
ZrCI4 gas in the processing gas supply line 16a is sup- 
plied to the quartz reaction container 110 from the first 

50 processing gas supply unit 1 3A. The ZrCI4 gas supplied 
in this way forms a laminar flow along the surface of the 
substrate-to-be-processed 12, and is discharged from 
the exhaust opening 14A, as previously explained. 
Through this process, the ZrCI 4 is adsorbed by the sur- 

55 face of the substrate-to-be-processed 12 to form a sin- 
gle-molecule layer. In Step 1 3, the second and the third 
switching valves 1 6B and 1 6C are in the first state, and 
the Ar purge gases in the purge lines 23b and 23c are 
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supplied to the quartz reaction container 110 from the 
processing gas supply units 1 3B and 1 3C, respectively. 
Consequently, the ZrCI4 processing gas supplied from 
the first processing gas supply unit 13A is prevented 
from invading the second processing gas supply unit 
13B, and the problem that a deposit is produced is 
avoided. 

[0065] Next, in Step 14, the switching valve 1 6A is re- 
turned to the first state, and the inside of the quartz re- 
action container 110 is purged by the Ar gas. 
[0066] Next, in Step 15, the opening of the conduct- 
ance valve 1 5B is widened, the opening of the conduct- 
ance valve 1 5A is narrowed, and the gas flows from the 
gas supply unit 1 3B to the exhaust opening 1 4B, and is 
provided to the quartz reaction container 110. 
[0067] Furthermore, in Step 16, the switching valve 
1 6B is switched to the second state, i.e., the open state, 
and H 2 0 in the processing gas supply line 16b is sup- 
plied to the quartz reaction container 110 through the 
processing gas supply unit 13B. The H 2 0 gas supplied 
in this way forms a laminar flow along the surface of the 
substrate-to-be-processed 12, and is discharged from 
the exhaust opening 14B, as explained previously. Ac- 
cording to this process, the ZrCI 4 molecule layer that 
was previously adsorbed by the surface of the sub- 
strate-to-be-processed 12 reacts with the H 2 0, and the 
Zr0 2 film consisting of a single-molecule layer is formed. 
In Step 1 6, the switching valves 1 6A and 1 6C are in the 
first state, and the Ar purge gases in the line 23a and 
23c are supplied to the quartz reaction container 110 
from the processing gas supply units 1 3A and 1 3C. Con- 
sequently, H 2 0 supplied from the second processing 
gas supply unit 13B is prevented from invading the 
processing gas supply units 13A and 13C, and the prob- 
lem that a deposit is produced is avoided. 
[0068] In Step 17 that follows Step 16, the conduct- 
ance valves 1 5A and 1 5B are opened, and the switching 
valves 1 6A through 1 6C are put to the first state. As the 
result, the Ar gases in the purge lines 23a through 23c 
are supplied to the quartz reaction container 110 
through the processing gas supply units 13A through 
13C, respectively. The Ar purge gases supplied in this 
way are discharged to the trap 1 00 through the exhaust 
openings 14A and 14B, respectively. 
[0069] Next, in Step 18, the opening of the conduct- 
ance valve 15A is widened, and the opening of the con- 
ductance valve 15B is narrowed. Consequently, in the 
quartz reaction container 1 1 0, the gas flows from the gas 
supply units 13A and 13C to the exhaust opening 14A. 
[0070] Next, in Step 19, the switching valve 16C is 
switched from the first state to the second state, and 
SiCI4 gas in the processing gas supply line 16c is sup- 
plied to the quartz reaction container 110 through the 
third processing gas supply unit 13C. As explained pre- 
viously, the SiCI4 gas supplied in this way forms a lam- 
inar flow along the surface of the substrate-to-be-proc- 
essed 12, and is discharged from the exhaust opening 
14A. Through this process, a single-molecule layer 



SiCI4 is adsorbed by the Zr02 molecule layer previously 
formed on the surface of the substrate-to-be-processed 
12. In Step 19, the second andthethird switching valves 
1 6A and 1 6B are in the first state, and the Ar purge gas- 

5 es in the purge lines 23a and 23b are supplied to the 
quartz reaction container 110 through the processing 
gas supply units 13A and 13B, respectively. Conse- 
quently, the SiCI4 processing gas supplied from the third 
processing gas supply unit 1 3C is prevented from invad- 

10 ing the second processing gas supply unit 1 3B, and the 
problem that a deposit is produced is avoided. 
[0071] Next, in Step 20, the switching valve 16A is re- 
turned to the first state, and the inside of the quartz re- 
action container 1 1 0 is purged by the Ar gas. 

15 [0072] Next, in Step 21 , the opening of the conduct- 
ance valve 1 5B is widened, the opening of the conduct- 
ance valve 1 5A is narrowed, and the gas flows from the 
gas supply unit 13B to the exhaust opening 14B, and is 
provided to the quartz reaction container 11 0. 

20 [0073] Furthermore, in Step 22, the switching valve 
1 6B is switched to the second state, i.e., the open state, 
and H 2 0 in the processing gas supply line 16b is sup- 
plied to the reaction container 1 1 0 through the process- 
ing gas supply unit 13B. As explained previously, the 

25 H 2 0 gas supplied in this way forms a laminar flow along 
the surface of the substrate-to-be-processed 1 2, and is 
discharged from the exhaust opening 1 4B. Through this 
process, the SiCI4 molecule layer that was previously 
adsorbed on the surface of the substrate-to-be-proc- 

30 essed 1 2 reacts with the H 2 0, and a Si0 2 film in single- 
molecule layer is formed on the Zr02 molecule layer. 
Here, in Step 22, the switching valves 1 6A and 1 6C are 
in the first state, and the Ar purge gases in the purge 
lines 23a and 23c are supplied to the quartz reaction 

35 container 1 1 0 from the processing gas supply units 1 3A 
and 13C, respectively. Consequently, the H 2 0 supplied 
from the second processing gas supply unit 13B is pre- 
vented from invading the processing gas supply units 
13A and 13C, and the problem that a deposit is pro- 

40 duced is avoided. 

[0074] By repeating Step 11 through Step 22, a high 
dielectric film of a configuration expressed by ZrSi04 as 
a whole is formed by the alternated layers of Zr02 mol- 
ecules andSi02 molecules on the substrate-to-be-proc- 

45 essed 12. 

[0075] Further, by changing a ratio of the number of 
single-molecule layers of Zr02 to the number of single- 
molecule layers of Si02, composition of the dielectric 
film can be adjusted in the direction of film thickness. 

50 For example, it is possible to control the composition 
such that the Si02 contents are higher than the Zr02 
contents in a lower layer of the dielectric film, and Zr02 
contents are higher than the Si02 contents in an upper 
layer. In Step 1 4, Step 1 7, and Step 20, the openings of 

55 the conductance valves 1 5A and 1 5B may be set as the 
maximum. In this case, exhaust is performed on the both 
ends of the substrate-to-be-processed, and gas purging 
becomes more efficient. Flowcharts corresponding to 
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the processing sequence in this case are shown by Figs. 
10 through 12. 

[0076] Here, the material stored in the material con- 
tainer 20C is not limited to the materials described 
above, but rather may be selected from a group consist- 
ing of H 2 Si[N(CH 3 ) 2 ] 2 , (C 2 H 5 ) 2 SiH 2 , (CH 3 ) 2 SiCI 2 , 
(CH 3 ) 2 Si(OC 2 H 5 ) 2 , (CH 3 ) 2 Si(OCH 3 ) 2l (CH 3 ) 2 SiH 2 , 
C 2 H 5 Si(OC 2 H 5 ) 3j (CH 3 ) 3 SiSi(CH 3 ) 3 , HN[Si(CH 3 ) 3 ] 2 , 
(CH 3 )(C 6 H 5 )SiCI 2 , CH 3 SiH 3 , CH 3 SiCI 3; CH 3 Si 
(OC 2 H 5 ) 3 , CH 3 Si(OCH3) 3) C 6 H 5 Si(CI)(OC 2 H 5 ) 2 , 
C 6 H 5 Si(OC 2 H 5 ) 3) (C 2 H 5 ) 4 Si, Si[N(CH 3 ) 2 ] 4 , Si(CH 3 ) 4 , Si 
(C 2 H 5 ) 3 H, (C 2 H 5 ) 3 SiN 3) (CH 3 ) 3 SiCI, (CH 3 ) 3 SiOC 2 H 5 , 
(CH 3 ) 3 SiOCH 3 , (CH 3 ) 3 SiH, (CH 3 ) 3 SiN 3 , (CH 3 ) 3 (C 2 H 3 ) 
Si, SIH[N(CH 3 ) 2 ] 3 , SiH[N(CH 3 ) 2 ] 3 , Si(CH 3 COO) 4 , Si 
(OCH 3 ) 4 , Si(OC 2 H 5 ) 4 , Si(l-OC 3 H 7 ) 4i Si(t-OC 4 H 9 ) 4 , Si 
(n-OC 4 H 9 ) 4 , Si(OC 2 H 5 ) 3 F, HSi(OC 2 H 5 ) 3 , Si 
(l-OC 3 H 7 ) 3 F, Si(OCH 3 ) 3 F, HSi(OCH 3 ) 3 , H 2 SiCI 2 , Si 2 CI 6 , 
Si 2 F 6; SiF 4 , SiCI 4 , SiBr 4) HSiCI 3 , SiCI 3 F, Si 3 H 8 , SiH 2 CI 2 , 
Si(C 2 H 5 ) 2 CI 2 , or from a group consisting of (C 2 H 5 ) 2 AIN 3 , 
(C 2 H 5 ) 2 AIBr, (C 2 H 5 ) 2 AICI, (C 2 H 5 ) 2 AII, (l-C 4 H 9 )AIH, 
(CH 3 ) 2 AINH 2 , (CH 3 ) 2 AICI, (CH 3 ) 2 AIH, (CH 3 ) 2 AIH:N 
(CH 3 ) 2 C 2 H 5 , AIH 3 :N(CH 3 ) 2 C 2 H 5 , AI(C 2 H 5 )CI 2 , AI(CH 3 ) 
Cl 2 , AI(C 2 H 5 ) 3 , AI(I-C 4 H 9 )AI, AI(l-OC 4 H 9 ) 3 AICI 3 , Al 
(CH 3 ) 3 , AIH 3 :N(CH 3 ) 3 , AI(AcAc) 3 , AI(DPM) 3 , AI(HFA) 3 , 
AI(OC 2 H 5 ) 3 , AI(I-C 4 H 9 ) 3 , AI(l-OC 3 H 7 ) 8 , AI(OCH 3 ) 3 , Al 
(n-OC 4 H 9 ) 3 , AI(n-OC 3 H 7 ) 3 , AI(sec-OC 4 H 9 ) 3; Al 
(t-OC 4 H 9 ) 3 , and AIBr 3 . 

[The fourth embodiment] 

[0077] With the substrate processing apparatus 10 
shown by Figs. 2 and 3 ; the ZrCI 4 gas is supplied from 
the material container 20A to the material supply line 
1 6a and the switching valve 1 6A. In normal temperature, 
ZrCI4 is solid and needs a temperature of about 200-de- 
grees C for evaporation. This requires that the whole 
material supply line 16a including the switching valve 
16A be held at a temperature higher than 200 degrees 
C, which means that the switching valve 1 6A should be 
able to bear a temperature higher than 200 degrees C, 
in practice, higher than 250 degrees C. Further, as ex- 
plained with reference to Figs. 5 through 9, with the sub- 
strate processing apparatus 10 shown by Figs. 2 and 3, 
the switching valves 16A through 16C are frequently 
driven (controlled) for the deposition of every single- 
molecule layer. Forthis reason, the problem of wearand 
tear of the switching valves arises. 
[0078] Here, Figs.13A and 13B show a 
configuration of a switching valve 160 according to the 
fourth embodiment of the present invention, which is 
used as the switching valve 16A in the substrate 
processing apparatus 1 0 of Figs.2 and 3. The switching 
valve 1 60 of Figs.1 3A and 1 3B can also be used as the 
switching valves 1 6B and 1 6C in the substrate process- 
ing apparatus 10 of Figs.2 and 3. 
[0079] With reference to Fig.13A, the switching valve 
1 60 includes a metal driving axis 1 61 A ; a ceramic valve 
element 161 B in the shape of a cylinder, surrounding 



the metal driving axis 1 61 A, a container 1 62 that holds 
the ceramic valve element 1 61 B rotation-free, and a cap 
unit 1 63 that seals the metal driving axis 1 61 A in collab- 
oration with the container 1 62. The cap unit 1 63 further 

5 includes a water-cooling jacket 163A equipped with a 
cooling-water entrance 163a and a cooling-water exit 
163b. The ceramic valve element 161B is fixed to the 
metal driving axis 1 61 A through sealing rings 1 61 a and 
1 61 b. The tip part of the metal driving axis 1 61 A is cov- 

10 ered by the cap unit 1 63, and is provided with a magnet 
1 61 M of a heat-resistant samarium-cobalt system. The 
magnet 161 M is magnetically connected to an external 
electromagnetic driving mechanism that rotates the 
magnet 161 M. 

15 [0080] Further, the container 162 includes a first gas 
entrance 162A corresponding to the processing gas 
supply line 16a, a second gas entrance 162B corre- 
sponding to the purge gas line 23a, a first gas exit 1 62C 
connected to the processing gas supply unit 16A, and 

20 a second and a third gas exits 1 62D and 1 62E connect- 
ed to the purge line 1 00a. 

[0081] Fig.13B shows the details of the ceramic valve 
element 161B of Fig.13A. 

[0082] With reference to Fig.13B. on the perimeter of 

25 the valve element 161B, first and second slots 161Ba 
and 1 61 Bb are provided. When the valve element 1 61 B 
turns, the gas entrances 1 62A and 1 62B are selectively 
connected to the gas exits 1 62C-1 62E through the slots 
161Ba and 161Bb. 

30 [0083] For example, when the switching valve 1 6A is 
in the first state, the gas entrance 162B connected to 
the purge line 23a is connected to the gas exit 162C 
through the slots 1 61 Bb, and the Ar gas in the purge line 
23a is supplied to the quartz reaction container 110 

35 through the processing gas supply unit 1 3A. Atthe same 
time, in this state, the gas entrance 162A connected to 
the processing gas supply line 16a is connected to the 
gas exit 1 62D through the slots 1 61 Ba, and the process- 
ing gas in the processing gas supply line 16a is drawn 

40 away to the purge line 100a through the gas exit 162D. 
[0084] In contrast, when the switching valve 1 6B is in 
the second state, the valve element 1 61 B is turned such 
that the gas entrance 1 62B is connected to the gas exit 
162E through the slots 161Bb, as the result of which, 

45 the Ar gas in the purge line 23a is thrown away to the 
purge line 1 00a through the gas exit 1 62E. On the other 
hand, the gas entrance 162A is connected to the gas 
exit 1 62C through the slots 1 61 Ba, and the processing 
gas is supplied to the quartz reaction container 1 1 0 from 

50 the gas exit 162C through the processing gas supply 
unit 13A. 

[0085] The switching valve 1 60 having the configura- 
tion described as above can satisfactorily withstand 
switching operations repeatedly performed atthe tem- 
55 perature of 250 degree C. Further, even when the 
switching valve 1 60 intercepts the supply of the process- 
ing gas to the quartz reaction container 1 1 0, the flow of 
the processing gas is only switched to the purge line 
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100a. In this manner, the pressure and flux of the ma- 
terial gas, such as ZrCI4 gas, from the material container 
20A do not change greatly. 

[0086] As previously explained, the switching valve 
1 60 is applicable not only to the switching valve 1 6A of 5 
Fig. 2, but also to other switching valves 1 6B and 1 6C. 

[The fifth embodiment] 

[0087] Fig. 14 shows a configuration of the substrate 10 
processing apparatus 10 1 according to the fifth embod- 
iment of the present invention. In Fig. 14, the same ref- 
erence numbers are given to the same portions ex- 
plained previously, and explanations thereof are not re- 
peated. Further, for the simplicity purposes, illustrations 15 
of portions that are not directly related to the fifth em- 
bodiment among the portions explained previously in 
Figs. 2 and 3 are omitted. 

[0088] With reference to Fig. 1 4, processing gas stor- 
ing units 260a and 260c having an increased capacity 20 
locally are provided at a suitable point in the processing 
gas supply lines 16a and 16c, respectively, and a 
processing gas is stored in the processing gas storing 
units in the fifth embodiment. By providing the process- 
ing gas storing units 260a and 260b, supply of a 25 
processing gas can be stabilized even if a change of the 
conductance arises in the processing gas supply lines 
1 6a and 1 6c due to frequent switching of the processing 
gases, as previously explained in reference to Figs. 5 
through 9. 30 
[0089] In reference to the configuration, especially, of 
the processing gas supply line 16a shown by Fig. 14, the 
control unit 10A controls such that the mass flux con- 
troller 18A prepared in the processing gas supply line 
16a is controlled in synch with switching control of the 35 
switching valves 1 6Athrough 1 6C. By this configuration, 
the supply flux change of the processing gas in the 
processing gas supply line 1 6a is compensated for, and 
thesupply of the processing gas through the processing 
gas supply line 1 6a is stabilized. 40 
[0090] Furthermore, by the configuration shown in 
Fig. 14, a pressure gauge 261c is prepared in the 
processing gas supply line 16c for the processing gas 
storing unit 260c, and the pressure of the processing 
gas storing unit 260c is constantly maintained. This con- 45 
figuration effectively compensates for fluctuations in the 
conductance, which occur in the processing gas supply 
line 16c. 

[0091] In the configuration of Fig. 14, the mass flux 
controller 18C prepared in the processing gas supply 50 
line 16c can be controlled by the control unit 10A, like 
the mass flux controller 1 8A of the processing gas sup- 
ply line 16a. Further, in the processing gas supply line 
1 6a, a pressure gauge may be provided to the process- 
ing gas storing unit 260a. Furthermore, the same con- 55 
figuration can also be provided to the processing gas 
supply line 16b. 



[The sixth embodiment] 

[0092] Fig. 15 shows a configuration of the substrate 
processing apparatus 1 0 2 according to the sixth embod- 
iment of the present invention. Here, in Fig. 1 5, the same 
reference numbers are given to the same portions pre- 
viously explained, and explanations thereof are not re- 
peated. Further, for the simplicity purposes, illustration 
of a portion that is not directly related to this embodiment 
among the portions explained previously in Figs. 2 and 
3 is omitted. 

[0093] With reference to Fig. 15, mass flux controllers 
20a and 20c are provided to the lines that supply carrier 
gases to the material containers 20A and 20C, respec- 
tively, in this embodiment. Further, the mass flux con- 
trollers 20a and 20c are controlled by the control unit 
10A in synch with control of the switching valves 16A 
through 1 6C and the conductance valves 1 5A and 1 5B. 
[0094] More specifically, the mass flux controller 20a 
is controlled such that the flux is increased only when 
the switching valve 16 supplies the processing gas in 
the processing gas supply line 1 6a tothe processing gas 
supply unit 13A. Similarly, the mass flux controller 20c 
is controlled such that the flux is increased only when 
the switching valve 16C supplies the processing gas in 
the processing gas supply line 1 6c to the processing gas 
supply unit 1 3C. By controlling the mass flux controllers 
20a and 20c in synch with the control of the switching 
valves 16A and 16C, an amount of the processing gas 
that otherwise would be wasted in the case wherein the 
gas is not supplied to the quartz reaction container 1 1 0 
is minimized. Accordingly, the load of an abatement de- 
vice connected to the trap 1 00 is mitigated. 
[0095] In this case, it is effective to provide acoustic 
wave sensors 18C and 18A 1 as shown in Fig. 15, instead 
of the mass flux controllers 1 8C and 1 8A shown in Fig. 
1 4, where the material density of an Ar carrier is meas- 
ured, and the measurement result is fed back to the 
mass flux controllers 20a and 20c, respectively. 

[The seventh embodiment] 

[0096] Fig. 16 shows a configuration of the substrate 
processing apparatus 1 0 2 according to the seventh em- 
bodiment of the present invention. In Fig. 16, the same 
reference numbers are given to the same portions pre- 
viously explained, and explanations thereof are not re- 
peated. Further, for simplicity purposes, illustration of 
the portion that is not directly related to this embodiment 
among the portions previously explained in Figs. 2 and 
3 are omitted. 

[0097] With reference to Fig. 16, unlike the previous 
embodiment, the material container20A stores metal Zr. 
instead of theZrCI2, as shown in Fig. 16. TheZrCI2 gas 
is generated by supplying a CI2 gas as carrier gas to the 
metal Zr. At this occasion, the flux of the CI2 carrier gas 
is increased by the control unit 10A, like the previous 
embodiment, only when the ZrCI2 gas in the processing 
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gas supply line 16a is supplied to the processing con- 
tainer 11 . 

[0098] In this manner, according to this embodiment, 
a chloride processing gas, such as ZrCI2 ; can also be 
supplied through the processing gas supply unit 1 3A to 
the quartz reaction container 1 1 0 in the processing con- 
tainer 11 . 

[The eighth embodiment] 

[0099] Fig. 17 shows a configuration of a processing 
container 11 A according to the eighth embodiment of 
the present invention. In Fig. 17. the same reference 
numbers are given to the same portions previously ex- 
plained, and explanations thereof are not repeated. 
[0100] With reference to Fig. 17. a quartz window 11 W 
is prepared in this embodiment in place of the heater 
1 1 1 B provided in the embodiment of Fig. 3 atthe position 
that counters the substrate-to-be-processed 12 in the 
processing container 11. Furthermore, an ultraviolet 
source UV, which is movable along the quartz window 
11 W, is provided. 

[0101] With this configuration, film formation on the 
surface of the substrate-to-be-processed 12 is promot- 
ed by irradiating an ultraviolet ray to the surface of the 
substrate-to-be-processed 12 from the ultraviolet 
source UV through the quartz window 11 W. The amount 
of exposure to the surface of the substrate-to-be-proc- 
essed 12 is made uniform by moving the ultraviolet 
source U V along the quartz window 1 1 W. Further, it be- 
comes possible to uniformly heat the substrate-to-be- 
processed by providing an infrared lamp, in addition to 
the ultraviolet source. This configuration is especially ef- 
fective when annealing the formed film at the tempera- 
ture of 600-1000 degrees C for a short period of time, 
or when performing heat treatment after film formation, 
while irradiating the ultraviolet rays. The process such 
as above is effective in removing impurities, such as hy- 
drocarbon, halogen, and the like, from the surface of the 
substrate-to-be-processed. 

[The ninth embodiment] 

[0102] Figs. 1 8A through 18D are plan views showing 
various variations of the processing container 11 used 
by the substrate processing apparatus 10 of Fig. 2. 
[0103] Among these drawings, Fig.18A corresponds 
to the configuration explained previously in Figs. 1 A and 
1B, wherein the processing gas supply units 13A and 
1 3B, which are flat in shape, countering each other, are 
provided on both sides of the substrate-to-be-processed 
12 in the processing container 11. Further near the 
processing gas supply unit 13A, the exhaust opening 
14B corresponding to the processing gas supply unit 
13B, which is in the shape of a slit, is formed with the 
longitudinal side of the exhaust opening 1 4B being in an 
approximately perpendicular direction of the flow of the 
processing gas from the processing gas supply unit 1 3B 



to the exhaust opening 14B. Similarly, the exhaust open- 
ing 14A, having a slit shape, and corresponding to the 
processing gas supply unit 13A is formed so that the 
longitudinal direction of the exhaust opening 14A be- 

5 comes approximately perpendicular to the direction in 
which the processing gas flows from the processing gas 
supply unit 1 3A to the exhaust opening 1 4A flows. 
[0104] The configuration of Fig.18B corresponds to 
the previous configuration shown in Figs. 2 and 3 : 

10 wherein the third processing gas supply unit 13C is 
formed in piles with the first processing gas supply unit 
1 3A of the configuration of Fig. 1 8A. 
[0105] Fig.18C shows a substrate processing cham- 
ber for constituting a cluster type processing system 

15 with another substrate processing apparatus, wherein 
processing gas supply units 13C and 13D, countering 
each other, and corresponding exhaust openings 14C 
and 1 4D are provided perpendicularly to the processing 
gas supply units 13A and 13B, countering each other 

20 and the exhaust openings 14A and 14B, countering 
each other, respectively. Further, a load lock chamber 
11 LVD is provided for transporting a substrate-to-be- 
processed in the substrate processing chamber. 
[0106] It is possible to form a high dielectric film con- 

25 sisting of a multi-component system by using four kinds 
of processing gas, each gas being laminated in single- 
molecule layer per process with the substrate process- 
ing apparatus of Fig.18C. 

[0107] Fig.18D shows a configuration wherein anoth- 
30 er processing gas supply unit 1 3C and an exhaust open- 
ing 14C, countering each other, are provided such that 
they intersect perpendicularly with the processing gas 
supply units 1 3A and 1 3B that counter mutually, and the 
corresponding exhaust openings 14A and 14B in the 
35 processing container 11 configured as shown in Fig. 
18A. 

[0108] According to the configurations as above, a 
high dielectric film of ZrSi04 and the like can also be 
formed by laminating single-molecule layers on the sub- 
40 strate-to-be-processed 12. 

[The tenth embodiment] 

[0109] Fig. 19 shows a configuration of the substrate 
45 processing apparatus 200 according to the tenth em- 
bodiment of the present invention. 
[0110] With reference to Fig. 19, the substrate 
processing apparatus 200 includes an outer processing 
container 201 that consists of aluminum, and an inner 
50 processing container 202 that consists of silica glass, 
where the inner processing container 202 is provided in 
the outer processing container 201 , and is installed in a 
concave portion covered by a cover plate 201 A that is 
a part of the outer processing container 201 . 
55 [0111] The inner processing container 202 includes a 
quartz bottom plate 202A that covers the bottom of the 
outer processing container 201 in the concave part, and 
a quartz cover 202B that covers the quartz bottom plate 
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202A in the concave part. Further, a circular opening 
201 D is provided to the bottom of the outer processing 
container 201 . The circular opening 201 D is for provid- 
ing a disk-like substrate holding stand 203 that holds a 
substrate-to-be-processed W. To the substrate holding 
stand 203, a heating mechanism, illustration of which is 
omitted, is provided. 

[0112] The substrate holding stand 203 is held such 
that it can move vertically and rotate by a substrate con- 
veyance unit 204 prepared in the lower part of the outer 
processing container 201 . The substrate holding stand 
203 is held such that it can vertically move between the 
highest position that is a process position and the lowest 
position that is a position at which the substrate is in- 
serted and taken out (substrate in-and-out position). 
The process position is set at a position where the sur- 
face of the substrate-to-be-processed W on the sub- 
strate holding stand 203 is approximately on a level with 
the surface of the quartz bottom plate 202A. 
[01 1 3] On the other hand, the substrate in-and-out po- 
sition is set at a position that corresponds to a substrate 
transport opening 204A provided on a side of the sub- 
strate conveyance unit 204. When the substrate holding 
stand 203 descends to the substrate in-and-out position , 
a conveyance arm 204B is inserted to a substrate trans- 
port opening 204A, the substrate-to-be-processed W 
lifted from the substrate holding stand 203 surface by a 
lifter pin (not shown) is held and taken out, and is con- 
veyed to a next process. Further, the conveyance arm 
204B transports a new substrate-to-be-processed W to 
the substrate conveyance unit 204 through the sub- 
strate transport opening 204A, and lays the new sub- 
strate on the substrate holding stand 203. 
[0114] The substrate holding stand 203 holding the 
new substrate-to-be-processed W is held such that it 
can move vertically and rotate in a bearing unit 205 by 
a rotation axis 205B held by a magnetic seal 205A. 
Space where the rotation axis 205B moves up and down 
is sealed by a partition of bellows 206, and the like. Con- 
tamination during the substrate processing process per- 
formed within the inner processing container 202 is 
avoided by keeping the sealed space at a higher vacu- 
um through an exhaust opening (not shown) than the 
inside of the inner processing container 202. 
[0115] In order to ensure the differential exhaust as 
described above, a guard ring 203A that consists of sil- 
ica glass is provided to the substrate holding stand 203 
such that the substrate-to-be-processed W is surround- 
ed. The guard ring 203A controls the conductance be- 
tween the substrate holding stand 203 and a side wall 
of the opening 201 D formed in the outer processing con- 
tainer 201 for accommodating the substrate holding 
stand. Thereby, a pressure difference is formed be- 
tween the inner processing container 202 and the inside 
of the space formed by the bellows 206 when the space 
is exhausted to a high vacuum. 

[01 16] The side wall of the opening 201 D provided to 
the bottom of the outer processing container 201 is cov- 



ered by a quartz liner 201 d, which extends further below 
such that the inner wall of the substrate conveyance unit 
204 is covered. 

[0117] At the bottom of the outer processing container 
5 201 , exhaust slits 201 a and 201 b are provided on both 
sides of the opening 201 D, each slit being connected to 
an exhaust. Exhaustfromthe exhaust slit 201 a is carried 
out through a lead pipe 207a and a conductance valve 
207A. Exhaust from the exhaust slit 201 b is carried out 
through a lead pipe 207b and a conductance valve 
207B. In the state shown in Fig. 19, the conductance 
valve 207A is open, and the conductance valve 207B is 
closed. It is desirable that the conductance valves 207A 
and 207B, when closed, are not completely closed, but 
rather kept slightly open at about 3% opening in order 
to realize reliable opening-and-closing operations, like 
the previous embodiment. 
[0118] The exhaust slits 201a and 201b are 
covered by a liner 208 that consists of silica glass, and 
slit-like openings 209A and 209B are provided to the 
quartz bottom plate 202A corresponding to the exhaust 
slits 201 a and 201 b, respectively. In the embodiment of 
Fig. 19, a flow straightening plate 209 (to be explained 
later) is prepared to each of the slit-like openings 209A 
and 209B in orderto facilitate exhaust of gas in the inner 
processing container 202. 

[01 1 9] Furthermore, in the inner processing container 
202, quartz gas nozzles 21 OA and 21 0B (to be explained 
in detail later) are provided to the exhaust slits 201 a and 
201 b, respectively, 

countering each other, on both sides of the opening 
201 D. Then, the first processing gas supplied from the 
gas nozzle 21 OA flows along the surface of the sub- 
strate-to-be-processed W in the inner processing con- 
tainer 202, and is exhausted from the exhaust slit 201 a 
that counters the conductance valve 207A. Similarly, the 
second processing gas supplied from the gas nozzle 
21 0B flows along the surface of the substrate-to-be- 
processed W in the inner processing container 202, and. 
is exhausted from the countering exhaust slit 201b and 
the conductance valve 207B. In this manner, the film for- 
mation based on atomic layers, as previously explained, 
is carried out by flowing the first and the second process- 
ing gases alternately from the gas nozzle 21 OA to the 
exhaust slit 201 a, and from the gas nozzle 21 0B to the 
exhaust slit 201 b, respectively. 

[0120] Fig. 20 shows details of the configuration of the 
quartz bottom plate 202A that constitutes the inner 
processing container 202. 

[0121] With reference to Fig. 20, a circular opening 
202a is provided to the quartz bottom plate 202A corre- 
sponding to the substrate-to-be-processed W, and the 
openings 209A and 209B corresponding to the exhaust 
slits 201a and 201b, respectively, are provided on the 
both sides of the opening 202a. Furthermore, in the ex- 
ample of Fig. 20, the flow straightening plate 209 that 
has a slit corresponding is provided to each of the open- 
ings 209A and 209B. Further, corresponding to the gas 
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nozzle 21 OA, an opening 21 Ob is provided to the quartz 
bottom plate 202A, and an opening 210a is provided 
corresponding to the gas nozzle 21 OB. By forming a plu- 
rality of the openings 21 Oa and the plurality of the open- 
ings 21 Ob in the quartz bottom plate 202A, the plurality 
of gas nozzles 21 OA and the plurality of the gas nozzles 
21 OB can be provided in the inner processing container 
202. 

[0122] Figs. 21 A through 21 D show various examples 
209 1 through 209 4 , respectively, of the flow straighten- 
ing plate 209. 

[0123] With reference to Fig.21 A, the flow straighten- 
ing plate 209-) has a slit with uniform width, both ends 
of the slit being connected to the lead pipes 207a and 
270b that are connected to the conductance valves 
207A and 270B, respectively, at the exhaust slits 201a 
and 201b, respectively. 

[0124] With the flow straightening plate 209 2 shown 
in Fig. 21 B, the width of the slit is made wider at the cen- 
tral part than the flow straightening plate 209-| of Fig. 
21 A, and a uniform exhaust is realized over the full 
length of the slit. 

[0125] The flow straightening plate 209 3 of Fig. 21 C 
has a series of openings to the flow straightening plate 
209, instead of the slit shown in Figs .21 A and 21 B, and 
the diameter of the openings is made the largest at the 
central part so that a uniform exhaust is realized cover- 
ing the full length of the opening sequence. Further, in 
the case of the flow straightening plate 209 4 of Fig. 21 D, 
all the openings have the same diameter, however, the 
number of the openings is the largest at the central part 
so that a uniform exhaust is realized covering the full 
length of the opening sequence. 
[0126] Fig.22 shows a configuration of the gas nozzle 
21 OB and corresponding exhaust slit 201b of the sub- 
strate processing apparatus 200 shown in Fig. 19. and 
a processing gas stream B that flows from the gas the 
nozzle 21 OB to the exhaust slit 201 b. The same config- 
uration and the same situation occur between the gas 
nozzle 21 OA and the corresponding exhaust slit 21 Oa. 
[0127] With reference to Fig.22, the gas nozzle 21 OB 
includes a quartz pipe 21 0B 1 inserted in the opening 
21 Ob of Fig.20, and a quartz pipe ring 21 0B 2 formed at 
the tip of the quartz pipe 21 0B-| , and a number of nozzle 
openings are provided on the side of the quartz pipe ring 
210B 2 . the side facing the exhaust slit 201b. 
[0128] Then, the processing gas supplied to the 
quartz pipe 210B 1 from the opening 210b flows the in- 
side of the quartz pipe ring 21 0B 2 , and is discharged as 
the processing gas stream B that is in a sheet-like shape 
from the nozzle opening. 

[0129] When the conductance valve 207B shown in 
Fig. 1 9 is open, the processing gas stream B flows along 
the surface of the substrate-to-be-processed W that is 
approximately on a level with the quartz bottom plate 
202A, and is exhausted through the flow straightening 
plate 209, the exhaust slit 201 b and the lead pipe 207b. 
[0130] Figs.23A through 23C show examples of the 



nozzle opening that is prepared in the quartz pipe ring 
210B 2 , and forms the processing gas stream B in the 
shape of a sheet. 

[0131] With reference to Fig.23A ; the nozzle opening 

5 consists of a sequence of a plurality of openings, each 
having the same diameter, set in varied intervals, such 
that more openings are provided atthecenterthan other 
places, and forms a gas stream in the desired shape of 
a sheet. In contrast, in the case of Fig.23B ; a plurality 

10 of the openings have different diameter from the center 
to each end. Further, in the configuration of Fig.23C, a 
slit-like opening constitutes the nozzle opening, and slit 
width at the center is different from each end. 
[0132] Further, as shown in Fig. 24, the gas nozzle 

15 21 OB may be configured such that another quartz pipe 
21 0B 3 , both ends of which are closed, is provided at the 
tip of the quartz pipe 21 0B 1 , the inside of the quartz pipe 
21 0B 3 is divided to gas supply chambers 21 0B 5 and a 
gas discharging chamber 210B 6 by diffusion plates 

20 210B 4 , and nozzle openings 210b 6 are provided in the 
gas discharging chamber 210B 6 . Since the substrate 
holding stand 203 can move up and down in the sub- 
strate processing apparatus 200 of Fig. 1 9, it is possible 
to optimize the position of the surface of the substrate- 

25 to-be-processed W in the inner processing container 
202 such that the sheet-like (laminar) flow of the 
processing gas is formed in alignment with the quartz 
bottom plate 202A in the inner processing container 
202. 

30 [0133] Figs.25A, 25B, and Fig. 26 show examples of 
configurations of the exhaust system of the substrate 
processing apparatus 200. 

[0134] In the example of Fig.25A, a conductance 
valve 207A is provided to each of the lead pipes 207a 
35 that are connected to each end of the exhaust slit 201 a; 
and, similarly, a conductance valve 207B is provided to 
each of the lead pipes 207b that are connected to each 
end of the exhaust slit 201 b. 

[0135] The pair of the conductance valves 207A are 
40 simultaneously driven at the same degree of valve 
opening; and, similarly, the pair of the conductance 
valves 207B are driven simultaneously at the same de- 
gree of valve opening. 

[0136] With the configuration of Fig.25A, it is possible 
45 to provide the conductance valves 207A and 207B in 
the immediate area of the exhaust slits 201 a and 201 b, 
respectively, improving the response when switching 
gases in the substrate processing apparatus 200. 
[0137] In contrast, with the configuration of Fig.25B. 
50 the lead pipes 207a connected to each end of the ex- 
haust slit 201a are commonly connected to the single 
conductance valve 207A; and, similarly, the lead pipes 
207b connected to each end of the exhaust slit 201 b are 
commonly connected to the single conductance valve. 
55 Since the distance between the conductance valve and 
the exhaust slit becomes longer, the response when 
switching gases is degraded a little with this configura- 
tion. However, according to this example, the number of 



14 



27 



EP 1 308 992 A1 



28 



the conductance valves is decreased and the configu- 
ration of the substrate processing apparatus 200 is sim- 
plified. 

[0138] With the configuration of Fig. 26, although the 
exhaust configuration of the exhaust slit 201b is the 
same as that of Fig.25B, the exhaust from the exhaust 
slit 201 a is carried out through a single lead pipe 207a 
and a single conductance valve 207A provided in the 
central part. Accordingto this configuration, it is possible 
to perform quick gas switching for the inner processing 
container 202, using the two conductance valves. 
[0139] Fig. 27 shows a configuration of the substrate 
conveyance unit 204 of the substrate processing appa- 
ratus 200. 

[0140] With reference to Fig. 27, an extension unit 
201 e that surrounds the substrate conveyance way and 
extends to the substrate transport opening 204A is pro- 
vided to a quartz sleeve unit 201 d that extends from the 
bottom of the outer processing container 201 to the sub- 
strate conveyance unit 204, and the substrate-to-be- 
processed W is carried in and taken out through the ex- 
tension unit 201 e. Further, for this purpose, the convey- 
ance arm 204B previously explained in Fig. 1 9 is insert- 
ed in the extension unit 201 e. The substrate-to-be-proc- 
essed W carried in by the arm 204B is raised up with 
the holding stand 203, and the substrate-to-be-proc- 
essed W is moved to the processing position, that is, the 
surface of the substrate-to-be-processed Wis made ap- 
proximately on a level with the surface of quartz bottom 
plate 202A, as previously explained. The processing po- 
sition can be vertically adjusted, if needed. 
[0141] In the substrate processing apparatus 200 of 
Fig. 1 9, the extension unit 201 e is formed between a pair 
of the lead pipes 207b as shown in Fig.27. 
[0142] With reference to Fig.19, the substrate-to-be- 
processed W is rotated with the holding stand 203 while 
the substrate is being processed in the substrate 
processing apparatus 200. By providing this rotation 
mechanism . a film can be formed with uniform thickness 
and uniform composition on the surface of the substrate- 
to-be-processed. 

[0143] Fig. 28 shows concentration distribution of Hf 
and Al in a film when forming a high dielectric film of 
Hf0 2 -Al 2 0 3 system on a Si substrate using the substrate 
processing apparatus 200. Here, in the experiment, of 
which results are shown by Fig. 28, a gas nozzle 21 0C 
was prepared adjacent to the gas nozzle 21 0B, like the 
substrate processing apparatus 10 of Fig. 2; the same 
gas supply system as the case of Fig. 2 was used; and 
HfCI 4 gas ; H 2 0 gas, AI(CH 3 ) 3 gas ; and H20 gas were 
repeatedly supplied according to the flowchart of Figs. 
7 through 9. 

[0144] With reference to Fig. 28, where the substrate- 
to-be-processed W in the substrate processing appara- 
tus 200 of Fig.19 was not rotated, Hf concentration in- 
creased toward the center of the substrate, and where 
the substrate-to-be-processed W was rotated, the une- 
venness of the components was effectively equalized, 



and an almost uniform configuration profile was ob- 
tained. The same effect can also be obtained by thesub- 
strate processing apparatus 10 of Fig. 2. 
[0145] In the substrate processing apparatus 200 

5 shown in Fig. 1 9, the same gas supply system as shown 
by Fig.2 is used. In addition, especially by providing the 
acoustic wave sensors 18A' and 18C as shown in Fig. 
1 5 for measuring acoustic speeds of the gases supplied 
corresponding to the valves 16Aand 16C, respectively 

10 actual partial pressure can be measured. By integrating 
actual gas concentration, mol number of the processing 
gas supplied to the processing container can be com- 
puted, which realizes accurate and efficient control of 
the processing sequence shown in Fig. 5, and Figs. 7 

15 through 9 according to the mol number, rather than time 
duration of a processing gas supply. 
[0146] As described above, in the substrate process- 
ing apparatus of the present invention, the basic princi- 
ple of which is described in reference to Figs. 1 A and 1B, 

20 containing the substrate processing apparatus 10 or the 
substrate processing apparatus 200, after supplying the 
processing gas A from the processing gas supply unit 
3Ato the processing container 1 in the process of Fig. 

IA, when the purge gas or the processing gas B is sup- 
25 plied from the processing gas supply unit 3B in the proc- 
ess of Fig . 1 B, the processing gas A that remains in the 
processing container 1 rides the flow of the purge gas 
or the processing gas B, and is discharged promptly 
through the exhaust opening 4B, and the residual con- 

30 centration of the processing gas A in the processing 
container 1 falls quickly. Similarly, after supplying the 
processing gas B from the processing gas supply unit 
3B to the processing container 1 in the process of Fig. 

IB, when the process returns to the process of Fig. 1 A 
35 and the purge gas or the processing gas A is supplied 

from the processing gas supply unit 3A, the processing 
gas B that remains in the processing container 1 rides 
the flow of the purge gas or the processing gas A. and 
is discharged promptly through the exhaust opening 4A, 
40 and the residual concentration of the processing gas B 
in the processing container 1 falls quickly. 
[0147] In contrast, in the case of a substrate process- 
ing apparatus that is configured without the processing 
gas supply unit3B and the corresponding exhaust open- 
45 ing 4B corresponding, even a gas supplied from the 
processing gas supply unit 3A is changed from the 
processing gas Ato the purge gas orthe processing gas 
B, the processing gas A tends to remain in the process- 
ing container 1 , and it takes a long time for the concen- 
50 tration of the processing gas A to decrease to a level 
sufficient to carry out the next process by the processing 
gas B. 

[0148] Fig. 29 shows the relations of the film thickness 
per process cycle and the purge time relative to the 
55 atomic layer growth of an Al 3 0 2 film when supplying 
TMA gas and H 2 0 gas alternately from the gas nozzles 
21 OA and 21 0B, respectively, with the purge process in- 
serted in-between in the substrate processing appara- 
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tus 200 of Fig. 19. Fig. 29 also shows the relations be- 
tween the film thickness per process cycle and the purge 
time relative to the atomic layer growth of an Al 3 0 2 film 
using only the gas nozzle 21 OA and the corresponding 
exhaust slit 201 a in the substrate processing apparatus 
200 shown in Fig. 19. 

[0149] As shown in Fig. 29, when the Al 3 0 2 growth is 
performed by the gas nozzles 21 OA and 21 OB alternate- 
ly, the film thickness formed per process cycle almost 
remains a constant, even if the purge time is decreased 
to about 0.1 second, which indicates thatthe processing 
gas used in a previous cycle is almost completely 
purged out of the processing container 202 by the fol- 
lowing cycle. 

[0150] On the other hand, when only the gas nozzle 
21 OA and the exhaust slit 21 Oa are used, if purge time 
is shortened to about 0.1 second, the film thickness 
formed per process cycle doubles, which indicates that 
the processing gas of the previous process remains in 
the processing container 202. 

[0151] The result of Fig. 29 suggests that the purge 
process in the control sequence of Fig. 5 and Figs. 7 
through 9 may be dispensed with, depending on require- 
ments. 

[0152] Thus, the substrate processing apparatus of 
the present invention has an advantage that the 
processing cycle time can be shortened by processing 
a substrate-to-be-processed alternately by the process- 
ing gases A and B. 

[The eleventh embodiment] 

[0153] Fig. 30 shows a configuration of a substrate 
processing apparatus 300 according to the eleventh 
embodiment of the present invention. In Fig. 30, the 
same reference numbers are given to the same portions 
as previously explained, and explanations thereof are 
not repeated. 

[0154] With reference to Fig. 30, although the sub- 
strate processing apparatus 300 has a configuration 
similar to the substrate processing apparatus 200, the 
gas nozzle 21 0B is removed, and, instead, a remote 
plasma source 310 is provided to the side wall of the 
outer processing container 201 , countering the exhaust 
slit 201b, on both side of the substrate-to-be-processed 
W. 

[0155] The remote plasma source 31 0 is supplied with 
an inactive gas, such as He, Ne, Ar, Kr, and Xe, from a 
line 31 2A, and forms plasma in the inactive gas by mi- 
crowave that is supplied to an electrode 311 . Further a 
processing gas, such as 0 2 and N 2 , is supplied to the 
remote plasma source 310; the processing gas is plas- 
ma-activated; and radicals are formed. The radicals 
formed in this way flow along the surface of a substrate- 
to-be-processed W toward the exhaust slit 201b, riding 
the flow of the inactive gas, while nitriding, oxidizing or 
oxynitriding the molecules of the processing gas, which 
are adsorbed by the surface of the substrate-to-be-proc- 



essed W. 

[0156] Thus, according to the substrate processing 
apparatus of this embodiment, not only an oxide film, 
but also a nitride film and an oxynitride film can be ob- 

5 tained by the atomic layer growth. 

[0157] In this embodiment, the source of the plasma 
is not limited to a remote plasma generating apparatus, 
but other well-known sources of plasma, such as an ICP 
plasma source and an ECR plasma source, can be 

10 used. 

[0158] Further, the present invention is not limited to 
these embodiments, but various variations and modifi- 
cations may be made without departing from the scope 
of the present invention. 

15 

Availability to industry 

[0159] Accordingto the present invention, thefirst and 
the second processing gas supply units are provided 

20 such that they counter each other on both sides of a sub- 
strate-to-be-processed in the processing container, and 
the first and the second exhaust openings are provided 
such that they counter the first and the second process- 
ing gas supply units, respectively, on both sides of the 

25 substrate-to-be-processed. Then, the first processing 
gas is supplied to the processing containerfrom the first 
processing gas supply unit; flows along the surface of 
the substrate-to-be-processed; and is discharged from 
the first exhaust opening. Then, the second processing 

30 gas or a flow of radicals is supplied from the second 
processing gas supply unit or the plasma source, re- 
spectively; flows along the surface of the substrate-to- 
be-processed; reacts with the molecules of the first 
processing gas, the molecules being previously ad- 

35 sorbed by the surface of the substrate-to-be-processed: 
and is discharged from the second exhaust opening. 
Through repeating this process, the high dielectric film 
is formed by laminating single-molecule layers on the 
substrate-to-be-processed . 

40 

Claims 



A substrate processing apparatus comprising: 



45 



a processing container, 
a substrate holding stand for holding a sub- 
strate-to-be-processed provided in the 
processing container, 

50 a first processing gas supply unit provided on 

a first side of the substrate holding stand in the 
processing container for supplying a first 
processing gas such that the first processing 
gas flows from the first side to a second side 

55 that counters the first side, the first processing 

gas flowing along the surface of the substrate- 
to-be-processed on the substrate holding 
stand, 
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a first exhaust opening provided on the second 
side of the substrate holding stand in the 
processing container, 

a second processing gas supply unit provided 
on the second side of the substrate holding 
stand in the processing container for supplying 
a second processing gas such that the second 
processing gas flows from the second side to 
the first side, the second processing gas flow- 
ing along the surface of the substrate-to-be- 
processed on the substrate holding stand, and 
a second exhaust opening provided on the first 
side of the substrate holding stand in the 
processing container. 

2. The substrate processing apparatus as claimed in 
claim 1 , wherein the processing container further 
comprises an outer container, and an inner contain- 
er prepared in the inside of the outer container, the 
substrate holding stand being prepared in the inner 
container. 

3. The substrate processing apparatus as claimed in 
claim 2, wherein the substrate holding stand is ca- 
pable of moving vertically, and the inner container 
comprises an inner container extension part that 
surrounds a concave area in which the substrate 
holding stand vertically moves. 

4. The substrate processing apparatus as claimed in 
claim 3, wherein the surface of the substrate-to-be- 
processed substantially corresponds to the bottom 
of the inner processing container when the sub- 
strate holding stand is elevated the highest. 

5. The substrate processing apparatus as claimed in 
claim 3, wherein a guard ring is prepared along the 
circumference of the substrate holding stand so that 
the perimeter edge of the substrate-to-be-proc- 
essed is surrounded, the guard ring having a perim- 
eter corresponding to the inner circumference of the 
inner container extension part, and a substantially 
constant clearance is formed between the perime- 
ter of the guard ring and the inner circumference of 
the inner container extension part. 

6. The substrate processing apparatus as claimed in 
claim 2, wherein a gas in the space between the 
outer container and the inner container is exhaust- 
ed independently of the inner container. 

7. The substrate processing apparatus as claimed in 
claim 2, wherein the inner container is made of 
quartz. 

8. The substrate processing apparatus as claimed in 
claim 2, the inner containerfurther comprising a bot- 
tom part consisting of aflat quartz plate and a quartz 



cover prepared on the bottom such that the bottom 
is covered, with the substrate-to-be-processed on 
the substrate holding stand being exposed in an 
opening provided to the quartz plate, and the ex- 
5 posed surface of the substrate-to-be-processed 
forms a plane substantially in agreement with the 
surface of the quartz plate. 

9. The substrate processing apparatus as claimed in 
10 claim 2, further comprising a heating mechanism 

that is prepared in the space between the inner con- 
tainer and the outer container. 

10. The substrate processing apparatus as claimed in 
15 claim 1, wherein the substrate holding stand is 

equipped with a heating mechanism. 

11. The substrate processing apparatus as claimed in 
claim 1 , furthercomprising a rotation mechanism for 

20 rotating the substrate holding stand. 

12. The substrate processing apparatus as claimed in 
claim 1 1 , wherein the rotation mechanism compris- 
es a shaft for holding the substrate holding stand, 

25 and a magnetic seal that holds the shaft rotation- 
free, the magnetic seal holding the shaft vertical- 
movement-free in a space surrounded by bellows, 
and the space being decompressed to a higher vac- 
uum state than the inside of the inner container. 

30 

13. The substrate processing apparatus as claimed in 
claim 1 , wherein the first exhaust opening compris- 
es a first slit that extends in a direction approximate- 
ly perpendicular to the flowing direction of the first 

35 processing gas, and the second exhaust opening 
comprises a second slit that extends in a direction 
approximately perpendiculartotheflowing direction 
of the second processing gas. 

40 14. The substrate processing apparatus as claimed in 
claim 1 , wherein the first exhaust opening compris- 
es a first slit that extends in a direction approximate- 
ly perpendicular to the flowing direction of the first 
processing gas, and the second exhaust opening 
45 comprises a second slit that extends in a direction 
approximately perpendiculartotheflowing direction 
of the second processing gas, wherein exhaust 
from the processing container is carried out in a di- 
rection approximately perpendicular to the flow di- 
sc rection of the first processing gas and the second 
processing gas, and the extension direction of the 
first slit and the second slit. 

15. The substrate processing apparatus as claimed in 
55 claim 13, wherein the first slit and the second slit 

have substantially a constant slit width. 

16. The substrate processing apparatus as claimed in 
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claim 13, wherein slit width at the central part of 
each of the first slit and the second slit is different 
from both ends of the slit. 

17. The substrate processing apparatus as claimed in 
claim 1 3, wherein each of the first slit and the sec- 
ond slit is covered by a cover plate, and a plurality 
of openings are formed to the cover plate in the lon- 
gitudinal direction of the slit. 

18. The substrate processing apparatus as claimed in 
claim 17, wherein the dimensions of the openings 
at the central part of the slit are different from both 
ends of the slit. 

19. The substrate processing apparatus as claimed in 
claim 17, wherein the density of the openings of the 
cover plate at the central part of the slit is different 
from both ends of the slit. 

20. The substrate processing apparatus as claimed in 
claim 1 , wherein the first processing gas supply unit 
comprises a first storing unit for storing the first 
processing gas, and a first discharging opening 
consisting of a flat slit provided to the first storing 
unit, and extended in a direction approximately per- 
pendicular to the direction of the flow of the first 
processing gas, and the second processing gas 
supply unit comprises a second storing unit for stor- 
ing the second processing gas, and a second dis- 
charging opening consisting of a flat slit provided to 
the second storing unit, extended in a direction ap- 
proximately perpendicular to the direction of the 
flow of the second processing gas. 

21. The substrate processing apparatus as claimed in 
claim 20, wherein the width of the flat slit at the cen- 
tral part of the first discharging opening and the sec- 
ond discharging opening differs from both ends. 

22. The substrate processing apparatus as claimed in 
claim 2, wherein a diffusion plate that has a plurality 
of openings is provided to each of thefirst discharg- 
ing opening and the second discharging opening, 
and the dimensions of the openings at the central 
part of the diffusion plate differ from both ends of 
the diffusion plate. 

23. The substrate processing apparatus as claimed in 
claim 20, wherein a diffusion substrate that has a 
plurality of openings is provided to each of the first 
discharging opening and the second discharging 
opening, and the density of the openings at the cen- 
tral part of the diffusion plate differs from both ends. 

24. The substrate processing apparatus as claimed in 
claim 2, wherein a space between the external con- 
tainer and the internal container is depressurized to 



34 

a higher vacuum than the inside of the internal con- 
tainer. 

25. The substrate processing apparatus as claimed in 
5 claim 1 , wherein the first processing gas is supplied 

to the first processing gas supply unit from a first 
material containerthrough a first material switching 
valve, and the second processing gas is supplied 
to the second processing gas supply unit from a 
second material containerthrough a second mate- 
rial switching valve; and the first exhaust opening 
and the second exhaust opening are connected to 
an exhaust apparatus through a first exhaust vol- 
ume adjustment valve mechanism and a second ex- 
haust volume adjustment valve mechanism, re- 
spectively. 

26. The substrate processing apparatus as claimed in 
claim 25, wherein the first exhaust opening com- 
prises: a first slit that extends in a direction approx- 
imately perpendicular to the flow of the first process- 
ing gas; the second exhaust opening comprises a 
second slit that extends in a direction approximately 
perpendicular to the flow of the second processing 
gas; the first exhaust volume adjustment valve 
mechanism, further comprising a pair of exhaust 
volume adjustment valves that are controlled to 
substantially the same aperture, and connected to 
both ends of the first slit; and the second exhaust 
volume adjustment valve mechanism, further com- 
prising a pair of exhaust volume adjustment valves 
that are controlled to substantially the same aper- 
ture, and connected to both ends of the second slit. 

27. The substrate processing apparatus as claimed in 
claim 25, wherein the first exhaust opening com- 
prises a first slit that extends in a direction approx- 
imately perpendicular to the flow of the first process- 
ing gas, the second exhaust opening comprises a 
second slit that extends in a direction approximately 
perpendicular to the flow of the second processing 
gas, and the first exhaust volume adjustment valve 
mechanism is commonly connected to both ends of 
the first slit through a duct. 

28. The substrate processing apparatus as claimed in 
claim 27, wherein the second exhaust volume ad- 
justment valve mechanism is commonly connected 
to the both ends of the second slit through a duct. 

29. The substrate processing apparatus as claimed in 
claim 26, wherein thesubstrate holding stand is pre- 
pared vertical-movement free between a process- 
ing position that is the most elevated position and 
a substrate in-and-out position that is the least ele- 
vated position, and the substrate-to-be-processed 
is taken in-to and out from the processing container 
along a substrate transportation way that passes 



EP 1 308 992 A1 



15 



20 



25 



30 



35 



40 



45 



50 



18 



35 



EP 1 308 992 A1 



36 



through the space between the pair of exhaust vol- 
ume adjustment valves that constitute the first ex- 
haust volume adjustment valve mechanism. 

30. The substrate processing apparatus as claimed in 
claim 25, further comprising a control unit for con- 
trolling thefi rst material switching valve and the sec- 
ond material switching valve, wherein the control 
unit controls the first material switching valve and 
the second material switching valve such that a sup- 
ply of the second processing gas to the processing 
container from the second processing gas supply 
unit is intercepted when the first processing gas 
supply unit supplies the first processing gas to the 
processing container, and such that a supply of the 
first processing gas to the processing container 
from the first processing gas supply unit is intercept- 
ed when the second processing gas supply unit 
supplies the second processing gas to the process- 
ing container. 

31. The substrate processing apparatus as claimed in 
claim 30, wherein the control unit controls such that 
an aperture of the valve opening of the first exhaust 
volume adjustment valve mechanism is greater 
than an aperture of the valve opening of the second 
exhaust volume adjustment valve mechanism when 
the first processing gas supply unit supplies the first 
processing gas to the processing container, and 
such that the aperture of the valve opening of the 
second exhaust volume adjustment valve mecha- 
nism is greater than the aperture of the valve open- 
ing of the first exhaust volume adjustment valve 
mechanism when the second processing gas sup- 
ply unit supplies the second processing gas to the 
processing container. 

32. The substrate processing apparatus as claimed in 
claim 31 , wherein the aperture of the valve opening 
of the second exhaust volume adjustment valve 
mechanism is set at less than 3% when the first 
processing gas is supplied to the processing con- 
tainer and the aperture of the valve opening of the 
first exhaust volume adjustment valve mechanism 
is set at less than 3% when the second processing 
gas is supplied to the processing container. 

33. The substrate processing apparatus as claimed in 
claim 31 , wherein the second exhaust volume ad- 
justment valve mechanism is closed when the first 
processing gas is supplied to the processing con- 
tainer and the first exhaust volume adjustment 
valve mechanism is closed when the second 
processing gas is supplied to the processing con- 
tainer. 

34. The substrate processing apparatus as claimed in 
claim 31 , wherein each of the first exhaust volume 



adjustment valve mechanism and the second ex- 
haust volume adjustment valve mechanism is fully 
opened or opened such that a sufficient exhaust vol- 
ume is obtained when the first processing gas is in- 
5 tercepted and before the second processing gas is 
supplied to the processing container, and when the 
second processing gas is intercepted. 

35. The substrate processing apparatus as claimed in 
10 claim 1 , wherein the first processing gas supply unit 

supplies an inactive gas to the processing container 
while the supply of the first processing gas is inter- 
cepted, and the second processing gas supply unit 
supplies an inactive gas to the processing container 
15 while the supply of the second processing gas is 
intercepted. 

36. The substrate processing apparatus as claimed in 
claim 25, wherein the first material switching valve 

20 is connected to a first inactive gas line and a first 
exhaust line; the second material switching valve is 
connected to a second inactive gas line and a sec- 
ond exhaust line; the first material switching valve 
passes the inactive gas in the first inactive gas line 
25 to the first exhaust line when supplying the first 
processing gas to the processing container, and 
passes the first processing gas to the first exhaust 
line and supplies the inactive gas in the first inactive 
gas line to the processing container when the sup- 
30 p|y of the first processing gas to the processing con- 
tainer is intercepted; and the second material 
switching valve passes the inactive gas in the sec- 
ond inactive gas line to the second exhaust line 
when the second processing gas is supplied to the 
35 processing container, and passes the second 
processing gas to the second exhaust line and sup- 
plies the inactive gas in the second inactive gas line 
to the processing container when the supply of the 
second processing gas to the processing container 
40 is intercepted. 

37. The substrate processing apparatus as claimed in 
claim 25, wherein each of the first exhaust volume 
adjustment valve mechanism and the second ex- 

45 haust volume adjustment valve mechanism is fully 
opened or opened such that a sufficient exhaust is 
obtained, when the first material switching valve 
supplies the first inactive gas to the processing con- 
tainer, and the second material switching valve sup- 

50 plies the second inactive gas to the processing con- 
tainer. 

38. The substrate processing apparatus as claimed in 
claim 30, wherein the first material container gen- 

55 erates the first processing gas by reaction gas being 
supplied. 

39. The substrate processing apparatus as claimed in 
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claim 30, further comprising a flux control unit for 
increasing the flux of the first processing gas when 
the first processing gas is supplied to the process- 
ing container in comparison with when the first 
processing gas is intercepted, the flux control unit 
being provided between the first material container 
and the first switching valve. 

40. The substrate processing apparatus as claimed in 
claim 25, further comprising a space for temporarily 
storing the first processing gas, which is prepared 
between the first material container and the first 
switching valve. 

41. The substrate processing apparatus as claimed in 
claim 40, further comprising a pressure gauge pro- 
vided to said space, the first processing gas being 
stored at predetermined pressure in said space. 

42. The substrate processing apparatus as claimed in 
claim 40, further comprising a mass flux controller 
provided between the first material container and 
said space such that the first processing gas is 
stored in said space in predetermined quantity cor- 
responding to accumulated flux based on the flux 
detected by the mass flux controller. 

43. The substrate processing apparatus as claimed in 
claim 1 , wherein the processing container is struc- 
tured flat, and the first processing gas supply unit 
and the second processing gas supply unit supply 
the first processing gas and the second processing 
gas, respectively, as a flow in the shape of a sheet, 
and in parallel to the main surface of the substrate- 
to-be-processed. 

44. The substrate processing apparatus as claimed in 
claim 1 , wherein the processing container is struc- 
tured flat, and the distance between the main sur- 
face of the substrate-to-be-processed on which the 
gas flows in the shape of a sheet in parallel and the 
bottom of the processing container is variable. 

45. The substrate processing apparatus as claimed in 
claim 1 , wherein the processing container is struc- 
tured flat, and the distance between the main sur- 
face of the substrate-to-be-processed on which the 
gas flows in the shape of a sheet in parallel and the 
bottom of the processing container is set short after 
the substrate-to-be-processed is transported. 

46. The substrate processing apparatus as claimed in 
claim 1 , wherein each of the first exhaust opening 
and the second exhaust opening comprises an 
opening in the shape of a slit that extends in a di- 
rection approximately perpendicular to the flow of 
the first processing gas and the second processing 
gas, respectively. 



47. The substrate processing apparatus as claimed in 
claim 1 , wherein the first processing gas and the 
second processing gas are mixed with an inactive 
gas. 

5 

48. The substrate processing apparatus as claimed in 
claim 1, further comprising a third processing gas 
supply unit provided onthefirstside of the substrate 
holding stand in the processing container for sup- 

10 plying a third processing gas to the surface of the 
substrate-to-be-processed on the substrate holding 
stand so that the third processing gas flows toward 
the second side along the surface of the substrate- 
to-be-processed. 

15 

49. The substrate processing apparatus as claimed in 
claim 48, further comprising athird material contain- 
er and a third material switching valve, wherein the 
third processing gas supply unit supplies the third 

20 processing gas from the third material container 
through the third material switching valve, wherein 
the control unit controls the first material switching 
valve, the second material switching valve, and the 
third material switching valve such that supply of the 
25 second processing gas to the processing container 
from the second processing gas supply unit and 
supply of the third processing gas to the processing 
container from the third processing gas supply unit 
are intercepted when the first processing gas sup- 
30 p|y unit supplies the first processing gas to the 
processing container, such that supply of the first 
processing gas to the processing container from the 
first processing gas supply unit and supply of the 
third processing gas to the processing container 
35 from the third processing gas supply unit are inter- 
cepted when the second processing gas supply unit 
supplies the second processing gas to the process- 
ing container, and such that supply of the first 
processing gas to the processing container from the 
40 first processing gas supply unit and supply of the 
second processing gas to the processing container 
from the second processing gas supply unit are in- 
tercepted when the third processing gas supply unit 
supplies the third processing gas to the processing 
45 container. 

50. The substrate processing apparatus as claimed in 
claim 48, wherein a control unit controls the aper- 
ture of the valve opening of the first exhaust volume 

50 adjustment valve to be greater than the aperture of 
the valve opening of the second exhaust volume ad- 
justment valve whilethethird processing gas supply 
unit supplies the third processing gas to the 
processing container. 

55 

51. The substrate processing apparatus as claimed in 
claim 48, wherein the third processing gas supply 
unit supplies an inactive gas to the processing con- 
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tainer when the supply of the third processing gas 
to the processing container is intercepted. 

52. The substrate processing apparatus as claimed in 
claim 48, wherein the third processing gas supply 
unit supplies the third processing gas from the first 
side to the second side as a flow in the shape of a 
sheet parallel to the main surface of the substrate- 
to-be-processed. 

53. The substrate processing apparatus as claimed in 
claim 48, wherein the third material switching valve 
is connected to a third inactive gas line and a third 
exhaust line, the third material switching valve 
passes the inactive gas in the third inactive gas line 
to the third exhaust line when the third processing 
gas is supplied to the processing container, and 
passes the third processing gas to the third exhaust 
line, and supplies the inactive gas in the third inac- 
tive gas line to the processing container when the 
third processing gas is intercepted. 

54. The substrate processing apparatus as claimed in 
claim 48, wherein the third processing gas is mixed 
with an inactive gas. 

55. The substrate processing apparatus as claimed in 
claim 1 , further comprising: a third processing gas 
supply unit provided on a third side of the substrate 
holding stand in the processing container, the third 
processing gas supply unit supplying a third 
processing gas to the surface of the substrate-to- 
be-processed on the substrate holding stand, the 
third processing gas flowing along the surface of the 
substrate-to-be-processed to a fourth side that is 
opposite to the third side; and a fourth exhaust 
opening provided on the third side of the substrate 
holding stand in the processing container. 

56. The substrate processing apparatus as claimed in 
claim 55, further comprising: a fourth processing 
gas supply unit provided on the fourth side of the 
substrate holding stand in the processing container, 
the fourth processing gas supply unit supplying a 
fourth processing gas to the surface of the sub- 
strate-to-be-processed on the substrate holding 
stand, the fourth processing gas flowing from the 
fourth side to the third side along the surface of the 
substrate-to-be-processed; and a fourth exhaust 
opening provided on the third side of the substrate 
holding stand in the processing container. 

57. The substrate processing apparatus as claimed in 
claim 1 , wherein the first processing gas is for form- 
ing a film, and the second processing gas is for ox- 
idization. 

58. The substrate processing apparatus as claimed in 
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claim 1 , wherein the first processing gas is chosen 
from the group that consists of ZrCI 4 , ZrBr 4 , Zr 
(l-OC 3 H 7 ) 4 , Zr(n-OC 4 H 9 ) 4 , Zr(t-OC 4 H 9 ) 4 , Zr(AcAc) 4) 
Zr(DPM) 4 , Zr(0-iPr)(DPM) 3) Zr(HFA) 4 , Zr(BH 4 ) 4 , Zr 
(N(CH 3 ) 2 ) 4 and Zr(N(C 2 H 5 ) 2 ) 4 , the group consisting 
of (C 2 H 5 ) 2 AIN 3 , (C 2 H 5 ) 2 AIBr, (C 2 H 5 ) 2 AICI I (C 2 
H 5 ) 2 AII, (l-C 4 H 9 )AIH, (CH 3 ) 2 AINH 2; (CH 3 ) 2 AICI, 
(CH 3 ) 2 AIH, (CH 3 ) 2 AIH:N(CH 3 ) 2 C 2 H 5l AIH 3 :N(CH 3 ) 2 
C 2 H 5 , AI(C 2 H 5 )CI 2 , AI(CH 3 )CI 2 , AI(C 2 H 5 ) 3 , Al(l- 
C 4 H 9 ), AI(l-OC 4 H 9 ) 3 , AICI 3 , AI(CH 3 ) 3 , AIH 3 :N(CH 3 ) 3) 
AI(AcAc) 3 and AI(DPM) 3 , AI(HFA) 3 , AI(OC 2 H 5 ) 3 , Al 
0-C 4 H 9 ) 3 , AI(l-OC 3 H 7 ) 3 , AI(OCH 3 ) 3 , AI(n-OC 4 H 9 ) 3 , 
AI(n-OC 3 H 7 ) 3 , AI(sec-OC 4 H 9 ) 3) AI(t-OC 4 H 9 ) 3 and 
AIBr 3 , the group consisting of Y(AcAc) 3 , Y(DPM) 3 , Y 
(O-iPr) (DPM) 2; Y(HFA) 3 , Cp 3 Y, the group consisting 
of HfCI 4 , HfBr 4; Hf(AcAc) 4 , Hf[N(C 2 H 5 ) 2 ] 4 , Hf[N 
(CH 3 ) 2 ] 4 , Hf(DPM) 4 , Hf(0-iPr)(DPM) 3 , and Hf 
(HFA) 4 , the group consisting of TiCI 4 , TiBr 4 , Til 4 , Ti 
(l-OCH 3 ) 4) Ti(OC 2 H 5 ) 4 , Ti(l-OC 3 H 7 ) 4 , Ti(n-OC 3 H 7 ) 4) 
Ti(n-OC 4 H 9 ) 4 , Ti(AcAc) 4 , Ti(AcAc) 2 CI 2 , Ti(DPM) 4 , Ti 
(DPM) 2 CI 2 , Ti(0-iPr)(DPM) 3! and Ti(HFA) 2 CI 2 , and 
the group consisting of LaBr 3 , Lal 3 , La(OCH 3 ) 3 , La 
(OC 2 H 5 ) 3 , La (l-OC 3 H 7 ) 2 , Cp 3 La, MeCp 3 La, La 
(DPM) 3: La(HFA) 3 , La(AcAc) 3 , Cp(C 8 H 8 )Ti, Cp 2 Ti[N 
(CH 3 ) 2 ] 2 , Cp 2 TiCI 2 , (C 2 H 5 )Ti(N 3 ) 2 , Ti[N(C 2 H 5 ) 2 ] 4 , 
and Ti[N(CH 3 ) 2 ] 4 , and the second processing gas is 
chosen from the group that consists of oxygen radi- 
cal atoms, oxygen radical molecules, 0 3 , 0 2 , N 2 0, 
NO, N0 2 , H 2 0 2! H 2 0 and D 2 0. 

59. The substrate processing apparatus as claimed in 
claim 48, wherein the third processing gas is for 
forming a film. 



35 60. The substrate processing apparatus as claimed in 
claim 48, wherein the third processing gas is different 
from the first processing gas, and is chosen from the 
group consisting of H 2 Si[N(CH 3 ) 2 ] 2 , (C 2 H 5 ) 2 SiH 2 , 
(CH 3 ) 2 SiCI 2 , (CH 3 ) 2 Si(OC 2 H 5 ) 2; (CH 3 ) 2 Si(OCH 3 ) 2 , 

40 (CH 3 ) 2 SiH 2 , C 2 H 5 Si(OC 2 H 5 ) 3 , (CH 3 ) 3 SiSi(CH 3 ) 3 , 
HN[Si(CH 3 ) 3 ] 2 , (CH 3 )(C 6 H 5 )SiCI 2 , CH 3 SiH 3 , CH 3 
SiCI 3 , CH 3 Si(OC 2 H 5 ) 3 , CH 3 Si(OCH 3 ) 3 , C 6 H 5 Si(CI) 
(OC 2 H 5 ) 2 , C 6 H 5 Si(OC 2 H 5 ) 3 , (C 2 H 5 ) 4 Si, Si[N 
(CH 3 ) 2 ] 4 , Si(CH 3 ) 4 , Si(C 2 H 5 ) 3 H, (C 2 H 5 ) 3 SiN 3) 

45 (CH 3 ) 3 \SiCI, (CH 3 ) 3 SiOC 2 H 5 , (CH 3 ) 3 SiOCH 3l 

(CH 3 ) 3 SiH, (CH 3 ) 3 SiN 3 , (CH 3 ) 3 (C 2 H 3 )Si, SiH[N 
(CH 3 ) 2 ] 3 , SiR[N(CH 3 ) 2 ] 3 , Si(CH 3 COO) 4! Si(OCH 3 ) 4l 
Si(OC 2 H 5 ) 4 , Si(l-OC 3 H 7 ) 4l Si(t-OC 4 H 9 ) 4 , Si (n-0 
C 4 H 9 ) 4 , Si(OC 2 H 5 ) 3 F, HSi(OC 2 H 5 ) 3i Si(l-OC 3 H 7 ) 3 F, 

50 Si(OCH 3 ) 3 F, HSi(OCH 3 ) 3 , H 2 SiCI 2 , Si 2 CI 6) Si 2 F 6 , Si 
F 4 , SiCI 4 , SiBr 4! HSiCI 3 , SiCI 3 F, Si 3 H 8 , SiH 2 CI 2 , Si 
(C 2 H 5 ) 2 CI 2 , and the group consisting of (C 2 H 5 ) 2 AIN 3 , 
(C 2 H 5 ) 2 AIBr, (C 2 H 5 ) 2 AICI, (C 2 H 5 ) 2 AII, (l-C 4 H 9 )AIH, 
(CH 3 ) 2 AINH 2 , (CH 3 ) 2 AICI, (CH 3 ) 2 AIH, (CH 3 ) 2 AIH:N 

55 (CH 3 ) 2 C 2 H 5! AIH 3 :N(CH 3 ) 2 C 2 H 5 , AI(C 2 H 5 )CI 2 , Al 

(CH 3 ) Cl 2 , AI(C 2 H 5 ) 3 , AI(I-C 4 H 9 )AI, AI(l-OC 4 H 9 ) 3 
AICI 3 , AI(CH 3 ) 3 , AIH 3 :N(CH 3 ) 3) AI(AcAc) 3 , Al 
(DPM) 3! AI(HFA) 3 , AI(OC 2 H 5 ) 3 , AI(I-C 4 H 9 ) 3 , Al(l- 
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OC 3 H 7 ) 8 , AI(OCH 3 ) 3; Al (n-OC 4 H 9 ) 3 , AI(n-OC 3 H 7 ) 3 , 
AI(sec-OC 4 H 9 ) 3 , AI(t-OC 4 H 9 ) 3; and AIBr 3 . 

61. The substrate processing apparatus as claimed in 
claim 1 , wherein a first switching valve comprises: 

a switching valve container. 

a ceramic valve element prepared rotation-free 

in the switching valve container, 

a magnetic unit that is combined in one body 

with the ceramic valve element in the switching 

valve container, and 

an electromagnetic driving unit that is magnet- 
ically combined with the magnetic body, and 
prepared outside of the switching valve con- 
tainer, wherein a slot is formed to the ceramic 
valve element. 

62. A substrate processing method using a substrate 
processing apparatus equipped with a processing 
container, a substrate holding stand prepared for 
holding a substrate-to-be-processed in the 
processing container, a first processing gas supply 
unit provided on a first side of the substrate holding 
stand in the processing container, a first exhaust 
opening provided on a second side countering the 
first side of the substrate holding stand in the 
processing container a second processing gas 
supply unit provided on the second side of the sub- 
strate holding stand in the processing container, 
and a second exhaust opening provided on the first 
sideofthesubstrate holding stand in the processing 
container, comprising: 

a first step for performing a first process on the 
surface of the substrate-to-be-processed, 
wherein the first processing gas supply unit 
supplies a first processing gas from the first 
side to the second side along the surface of the 
substrate-to-be-processed, and the discharg- 
ing volume of the second exhaust opening is 
controlled to be less than the discharging vol- 
ume of the first exhaust opening, and 
a second step for performing a second process 
on the surface of the substrate-to-be-proc- 
essed, wherein the second processing gas 
supply unit supplies a second processing gas 
from the second side to the first side along the 
surface of the substrate-to-be-processed, and 
the discharging volume of the first exhaust 
opening is controlled to be less than the dis- 
charging volume of the second exhaust open- 
ing. 

63. The substrate processing method as claimed in 
claim 62, wherein an inactive gas is supplied to the 
processing container from the second processing 
gas supply unit in the first step, and an inactive gas 



is supplied to the processing container from the first 
processing gas supply unit in the second step. 

64. A substrate processing apparatus comprising: 

a processing container, 

a substrate holding stand prepared for holding 
a substrate-to-be-processed in the processing 
container, 

a processing gas supply unit provided on a first 
side of the substrate holding stand in the 
processing container for supplying a process- 
ing gas to the surface of the substrate-to-be- 
processed on the substrate holding stand, 
wherein the processing gas flows along the sur- 
face of the substrate-to-be-processed from the 
first side to a second side that counters the first 
side, 

a first exhaust opening provided on the second 
side of the substrate holding stand in the 
processing container, 

a radical source provided on the second side of 
the substrate holding stand in the processing 
container for supplying radicals to the surface 
of the substrate-to-be-processed on the sub- 
strate holding stand such that the radicals flow 
along the surface of the substrate-to-be-proc- 
essed from the second side to the first side, and 
a second exhaust opening provided on the first 
side of the substrate holding stand in the 
processing container. 

65. The substrate processing apparatus as claimed in 
claim 64, wherein the radical source comprises a 
source of plasma provided on a side wall portion of 
the processing container. 
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